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INTRODUCTION 

The Animal and Plant Health Inspection Service (APHIS) of the 
United States Department of Agriculture (USDA) has received 
applications for field testing of transgenic plants on a perfor- 
mance evaluation scale and/or under unconfined conditions. 
There will also be requests for exemption from the USDA 
regulatory review process based upon data and experience 
accumulated from small-scale field tests that have been done 
as part of the commercialization process. The evaluations of 
these applications will focus specifically on environmental 
issues, especially those that may be present in the United States 
with transgenic plants that can be wind or insect pollinated. 
The scientific principles used for evaluating transgenic crop 
plants will be based on the experience gained from uadtional 
breeding. 

To identify the appropriate issues to be addressedin analysis 
of field tests or exemption requests and also areas of uncer- 
tainty, USDA-APHIS has sponsored or is planning several con- 
ferences and workshops. The Workshop on Safeguards for 
Planned Introduction of Transgenic Oilseed Crucifers was 
held for one day in conjunction with the Sixth Crucifer 
Genetics Workshop, held at Cornell University on October 6 
through9.1990.Theotherworkshops willincludecodwheat 

in December of 1990, potato in August of 199 1, and rice in the 
spnng of 1992. 

The 23 invited panel members of the oilseed crucifers 
workshop represent several areas of expertise including 
agronomy, behavioral biology, cell biology, ecology, ento- 
mology, genetic resources. molecular biology, plant breeding, 
plant pathology, pollination biology. seed physiology, and 
weed biology. They included representatives from academia, 
government., indusuy , and public interest groups. In addtion, 
almost seventy observers from countries including France, 
Belgium. Canada. Thailand. the United Kingdom. and Japan 
were present. 

The scientific discussion during the workshop was for the 
following purposes: 
1. to identify the potential for gene movement to wild relatives 

and/or non-engineered oilseed crucifer cultivars, 
2. to determine the possible negative or neutral consequences 

of gene transfer andor expression from oilseed crucifers on 
agriculture and the environment. and 

3. to recommend specific physical. temporal, or biological 
safeguaIds for such consequences, if appropriate. 

A partial transcript of the workshop was made. 
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WORKSHOP ON SAFEGUARDS FOR PLANNED INTRODUCTION OF 

TRANSGENIC OILSEED CRUCIFERS 
ITHACA, NY Om. 9,1990 

Introduction 

Theanticipatedlarge scale,plannedintroductionsoftransgenic. 
oilseed crucifers (Brassica sp.) offer oppormnities and chal- 
lenges not dealt with before in modem. agricultural biotech- 
nology. 

Within the last few years, select oilseedcrucifers, in particu- 
lar the oilseed rape known as canola, have become crops of 
enormous agricultural potential. Thls crop’s level of saturated 
fatty acids is the lowest of all vegetable oils, with a large 
fraction of its unsaturated fatty acids consisting of 
monounsaturated fatty acids: it yields more oil per acre than 
soybean; and, as a cool season annual, is an attractive winter 
crop in the mid-south and, in more northerly areas. is an 
attractive spring-sown crop. 

Yet, despite theseatuactivequalities, brassicaoilseeds have 
distinguishing features that suggest that larger-scale field uials 
of transgenic plants must be preceded by review. Unlike other 
transgenic species currently being considered for field trials in 
the United States. such as tobaccoand tomato, many brassicas 
outcross readily, and they grow in proximity to a number of 
cross-hybridizing wild, weedy relatives. 

Therefore, introduction of transgenic brassica species into 
the field should include an assessment of the potential for 
inadvertent transfer and expression of recombinant genes into 
the Same or related species, and the possible risks associated 
with such transfer. Moreover, identification of such biosafety 
issues should be made in advance of the planned introductions, 
if public mst is to be maintained and to avoid potential 
problems. 

As an early step toward dealing with these issues, a con- 
ference on “Safeguards for the Planned Introduction of Trans- 
genic Oilseed Crucifers” was held on October 9, 1990 at 
Cornell University, Ithaca. N.Y., inconjunction withtheSixth 
Crucifer Genetics Workshop. 

The conference sought to: 
identify the potential for gene movement to wild relatives 
and/or non-engineered oilseed crucifer cultivars, 
determine the possible negative or neutral consequences of 
gene transfer and/or expression from oilseed crucifers on 
agriculture and the environment, and 
recommend specific physical. temporal or biological safe- 
guards for such consequences, if appropriate. 

The conference format included formal presentations fol- 
lowed by general questions and discussion. The conference 
chairman, Dr. Roben Goodman, guided the group to consen- 
sus on some, but not all. issues. 

Because of worldwide interest in the oilseed crucifers, the 
workshop drew about 70 participants. including substantial 
numbers from France, Thailand, Belgium and Canada. Scien- 
tists from Belgium and Canadadiscussed data on field trials of 
transgenic oilseeds made during the past few years. There was 
a strong sense of international cooperation, which included 
efforts to share data and harmonize approaches. Overall, the 
participants were divided among industry, academe, govern- 
ment, and public interest groups, and included laboratory and 
field researchers, legal specialists, independent agricultural 
consultants, government regulators and environmentalists. 
Moreover. the conference was characterized by an expanded 
dialogue between researchers with basic and applied interests. 
During the opening session on gene transfer, for example, 
biologists developing mathematical models, experts on pesti- 
cide applications, and scientists studying honeybee behavior 
shared their very different perspectives. Such open inter- 
change allowed the group to offer suggestions on the manage- 
ment of planned field trials of select vansgenic bmssica 
species. Moreover, the wide-ranging discussion allowed the 
expression of a great variety of individual concerns. Thus, this 
summary appears conservative compared with the tone of the 
workshop as it distills and focusses on these concerns. 

Part I Gene Transfer 

Modem analyses of gene transfer benefit from decades of 
experience in developing ped~greed seed lines. in thecourse of 
building such seed lines, breeders had to establish field prow 
cols that took into account the patterns of pollen d isped  and 
inua- or interspecific crossing, in order to minimize contami- 
nation of the desired gene pool. Techniques were developed 
for monitoring pollen dispersal, fertilization and the develop 
ment of viable seed. This methodology, originally developed 
to measure gene uansfer and assure good seed yield in classical 
plant breeding programs, has offered a valuable tool to assess 
gene transfer from transgenic species. 
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Several research groups, in Belgium. Canada, France and 
the United Kingdom have already completed field trials that 
usesuch techruques toquantify genetransferbetween transgenic 
brassica species. 

During the 1970’s, before the era of uansgenic crops, R. 
Keith Downey. of the Agriculture Canada Research Station. 
Saskatoon. set an early standard for assessing gene transfer on 
the major, commercial oilseeds. He determined that the level 
of pollen contamination from commercial rapeseed fields onto 
46 meter square isolation plots, located 46. 137. and 366 
meters distant was 2.1, 1.1, and 0.6 percent. respectively. for 
the self-fertile B. napus species. In parallel experiments. the 
pollen of the self-incompatible B. campestris (aka B. rapa) 
traveled further, withcontamination levels of 8.5,5.8, and 3.7 
percent. No border effects were detected, nor was the level of 
contamination affected by the orientation of the isolation 
blocks to the source of contamination. 

A conclusion from these studies was that although a large 
fraction of pollen falls to the ground withina few meters. under 
favorable conditions pollen can move long distances by insect 
and/or wind transportation. 

Studies of pollen movement alone, however, offer only a 
partial picture of gene transfer. Gene transfer can be assessed 
more accurately by considering the series of hurdles pollen 
must pass to successfully transmit genetic material, including: 
travel of pollen to a flower; effective fertilization; the produc- 
tion of viable seed; the resulting plant reachtng reproductive 
age. and. finally, being fertile. 

During the late 1980’s Downey probed gene transfer in 
bmsica species in this fuller context. Reciprocal interspecific 
crosses between commercial oilseedcruciferspecies. B. napus, 
B. juncea were easily achieved in the greenhouse and under 
field conditions. This suggested gene transfer is possible 
among these species of crucifer. Tolerance to an herbicide was 
the marker in these studies. 

Of special interest were interspecific crosses with the im- 
portant weed, wild mustard (Simpis arvensis, aka B. kaber). 
When h s  species was reciprocally crossed with B. campestris, 
and B. mpus, no hybrid seeds were obtained, even though 
pollinations were made on emasculated buds in favorable 
greenhouse conditions. Also, no hybrid was obtained in the 
cross S. arvemis x B. juncea, although the reciprocal cross 
produced 2.5 hybrid seeds per 100 bud pollinations. But the F1 
plants of this cross were largely male sterile and set no seed on 
self or open pollination. Moreover. when the F1 plants were 
backcrossed to B. juncea, only one non-viable seed was 
produced in 1.003 pohnations. Also, in 88 1 backcrosses to S. 
arvensis, one seed was obtained, but the plant resulting from 
this seed was sterile. 

Downey concluded from these trials that, “gene txansfer to 
S. arvemis (wild mustard) from the three major crops (B.  
napus. B. campestris. and B. juncea) was not achieved even 
under the most favorable conditions, and no hybrids were 
identified from natural crossingsof the species when they were 
co-cultivated in field plots over a three-year period.” 

However. when B. nigra and S. antensis were crossed. 
hybrid seed were readily obtained when B. nigra was the 

female. To a lesser degree. when the reciprocal crosses were 
made. hybrid seeds were readdy obtained. This suggests that 
B. riigra may serve as a bridge between some cultivated and 
weedy brassica species. 

Downey discounted the possibility that B. nigra serves as 
such a bridge in western Canada. noting that B. nigru is not a 
common weed. is rarely found in association with cultivated 
Brassica species and is. therefore. not considered a serious 
threat. In eastern Canada. where B. n i p  is found in the Great 
Lakes region, it has a small distribution on waste sites and is 
rarely found with cultivated fields. 

Another recent effort to probe gene transfer in brassicas has 
been funded by the European Community and the United 
Kingdom at field sites in France, Belgium and the United 
Kingdom. and was reported by Willy de Gmf, of Plant 
Genetic Systems (PGS), Belgium. In 1989, circular fields were 
set out. 100 meters in diameter. with a three meter diameter 
source of brassicas plants transformed for tolerance to the 
herbicide glufosinate. The researchers found a massive drop in 
pollen density close to the source, with all outcrosses found 12 
meters or less from the source of pollen. They also identified 
several flaws in the experimental design, which are being 
corrected in preparation for the next round of experiments. In 
particular. the pollen source is being expanded to nine meters 
in diameter and sampling sites are being moved closer to the 
source of pollen. Additional strong, selectable markers that 
allow easy identification of low frequency events are still 
being sought. de Greef stressed the need to determine and 
study the key environmental parameters that are most critical 
to determining pollen transfer among brassicas and related 
genera. These parameters may include richness of pollen 
source. weather, efficiency of insect pollinators, and others. 

Yet another approach to assessing gene transfer, offered by 
Robin Manasse of the University of Washmgton, is math- 
ematical modeling for prediction of gene spread. Such studies 
have helped to verify that pollen mvel falls off exponentially 
from the souxce. 

An advantage of such a modeling strategy is that it allows 
irnprovedunderstandmgofpatternanddynamics. It alsooffers 
a strategy for going beyond the restricted results of individual 
studies. But this method for describing gene flow, which 
begins with painstaking field work and extends the data via 
mathematical approaches, is still very much at the initiation of 
a steep learning curve. The initial modeling equations consid- 
ered only a homogenous environment. which bean limited 
resemblance to the natural world, but such studies are now 
being expanded to consider heterogenous situations. A major 
challenge for development of a more complete model of gene 
transfer is deciding what aspects of the environment, such as 
the effect of surrounding vegetation on pollinator behavior, or 
weather, are most critical to the model. These parameters then 
need to be studied on their own, in some detail. before they can 
be usefully incorporated into a model of gene txansfer. 

These various approaches to the study of gene transfer will 
eventually change the discipline from a descriptive science, to 
a manipulative one. to a more predictive one. However. some 
key issues must be dealt with before &us goal can be realized. 
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The need to study gene transfer under relevant conditions 
was mentioned repeatedly. In particular. there is a need to 
better understand those key contextual factors such as weather. 
pollinator behavior. local topography or cropping patterns. 
that most influence gene flow among brassica species. They 
must be identified first, and then studied. 

It was also suggested that a better understanding is needed 
of the importance of scale in experimental design. In particu- 
lar. the factors determining the scale an experiment must be 
carried out on, to yield meaningful data. are unclear. The 
problem is especially timely as researchers move from small 
scale to larger scale field trials. Keith Downey articulated this 
concern in his comment that, “...there is an area of uncertainty 
as to the controls that may be imposed as we move from testing 
in an isolated transgenic block to cooperative yield trials or to 
field-scale multiplications for pilot plant extraction and prod- 
uct evaluation.” 

Most important, studies of gene transfer among brassicas 
have an added complexity because these species outcross 
easily. In the past, most studies of gene uansfer focused on 
gene exchange among species within the same genus. Now. 
with the brassicas as crops of interest, researchers must survey 
gene exchange among species of related but different genera 
(e.g. Sinapis. Raphanusand Eruca). It was agreed by most that 
with larger-scale fieldtrials, gene transfer out of the test species 
will happen. 

There was consensus that the study of gene transfer in 
oilseeds should not focus on whether or not genes from 
transgenic species would move out; but rather, the study 
should focus on the conditions under which transfer and 
expression occur, and what are the consequences of these 
events. 

Summary Section I - Gene Transfer 

Protocols that have been developed to establish *greed 
seed linescanbeadapted to assess gene transfer in transgenic 
species. 
Field stuhes of gene transfer are being extended through 
mathematical models. 
The oilseed crucifers are highly outcrossing crops. 
In larger-scale field uials of transgenic brassica species, 
gene uansfer out of the test species to wild or weedy 
relatives is likely to happen. 

Part I1 Consequences of Gene Transfer 

The classical approach toward risk assessment involves con- 
sideration of risk as the product of the probability of hazard 
times the probability of exposure (r=h*e). As applied to 
evaluation of field introductions of transgenic oilseed cruci- 

fers, risk is equal to the product of the probability that a gene 
will cause problems (h), and the probability that a gene will 
escape from intended locations to sites where it can cause a 
problem (e). This approach is a favored first step to analyzing 
the consequences associated with unintended gene transfer 
since it uses established methods, is potentially quantitative, 
and assumes thatacomplex problem can be brokenintosimple 
segments. 

In analyzing the -h*e equation. the exposure component 
was judged to be the more manageable variable. For transgenic 
crucifers used only for their vegetative parts, exposure and 
gene transfer could be prevented by introducing systems that 
could prevent production of fertile flowers. But for aansgenic 
crucifers valued for their seeds, such efforts would be worth- 
less. Still, exposure can be managed somewhat by releasing 
plants that can be cheaply and, most important. efficiently 
eliminated to prevent carryover growth the next growing 
season. 

Most of the discussion, however. focused on analysis of the 
“h” component of the equation. The possibilities for “hazard” 
that received the most attention were weediness, herbicide 
tolerance, disease resistance. and insect resistance. Loss of 
diversity and potential contamination of the gene pool were 
also mentioned as possible hazards. 

A risk analysis of those genes that determine such traits 
requires knowledge of the genes in question, their origin, how 
the gene products behave, their mode of action (e.g.interaction 
with genetic regulators), estimation of their behavior if es- 
caped and, most important, assessment of fitness within a 
range of environments. At the next level, a description of the 
species that may be affected by such genes, how these species 
respond, and the resulting environmental changes, including 
those affected by scale, may be needed. Unfomuiately, dataare 
scarce or absent for many of these concerns. especially those 
thatareecologicalincharacter. Mostconfereesagreedwith the 
advice of Robert Bern-, Massachusetts Agncuitural Ex- 
periment Station, Amherst. that. “It would be prudent to invest 
in serious impact studies on the effects such (select transgenic) 
genes would have on competitive ability prior to large scale 
growing of transgenic plants.” Assessments of specific 
transgenes in particular plants, in select geographc settings, 
were called for repeatedly. 

Moreover, the value of historical experimental data was 
stressed. It was noted that information about the transfer of 
select traits. such as seed quality and pest resistance, from 
traditionally bred crops to wild species, may be available in 
existingplantpopulationsinCanada wheresignificantchanges 
in the types of rapeseed grown have occunrd over the years. 

Several ideas were offered to establish a theoretical frame- 
work that could guide new field experiments. Such a f m e -  
work might focus efforts and give increased meaning to a 
series of costly empirical trials. 

Kathleen Keeler. University of Nebraska, calledattention to 
an ecological principle of population regulation which, she 
says, “...has worrisome implications forthereleaseof uansgenic 
crops.” Keeler says that many of the genes that can be 
effectively transferred to plants, and that show economic 
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potential. are genes which offer biotic resistance. that is, 
resistance to other organisms, including herbivores or patho- 
gens. Ecologists agree that such biotic interactions can and 
sometimes do limit plant numbers. If biotic interactions- 
competitors, pathogens or herbivores-keep a plant relatively 
rare, and it becomes resistant to such biotic interactions, more 
seeds will be set and the numbers might rise to where it 
becomes a weed. Therefore. changes in biotic interactions can 
cause weed problems. This basic principle of population 
control suggests that all transgenes that alter a plant’s biotic 
interactions have the potential for increasing its weediness. 
This says Keeler, “...means that uansgenes for herbicide 
resistance. insect resistance. and disease resistance all have the 
potential for causing weed problem.” 

Another effort to establish a framework for judging the 
outcome of the T=h*e equatlon involves classifying the risk of 
transgenes into several categories: high fitness. forthose genes 
that endow a plant with some broad-based defensive quality, 
such as insect or disease resistance, and would persist a long 
time: moderate fitness, forthose genes that endow a plant with 
a quality or value in a special setting, such as herbicide 
tolerance or altered biochemical composition: and low fitness, 
for those genes, such as male sterility, that would handicap a 
plant and have low persistence in the gene pool. Moreover, 
consideration must be given to recessive genes that may be 
hidden in a population indefinitely, but not permanently. 

However, despite the desire to develop a scheme that could 
impose some order on risk analysis. there was general agree- 
ment that the process was fraught with pitfalls. Said Thomas 
Mitchell-Olds, University of Montana, “We can generalize, 
but the specifics matter. If asked to rank the issues. the 
secondary or unintended effects may often prove those of most 
concern because their effects will be unexpected.” And Keeler 
noted, “it is impossible to give a blanket exemption for any 
trait. however, because somewhere. there is an environment in 
which this ( m ) g e n e  xaises thefitnesof a weed ... Nevertheless. 
she added, “many genes can be agreed to be benign in real 
world environments, especially after a few experiments on the 
behavior of the transgenic phenotype.” 

With this is mind, some agreement was reached on the 
relative risks of various transgenes. There was no agreement 
that a single uait presented the greatest risk. Rather, there was 
agreement that a cluster of traits, including the weediness of 
plants that could receive a transgene. as well as transgenes for 
disease. insect. and herbicide resistance. merited specid atten- 
tion. 

Possibly the most frequently voiced concern. although it 
was far from unanimous, was that the field production of 
transgenic crucifers might result in the creation of a new 
serious weed or increase the aggressiveness of existing weeds. 
that is. those plants that interfere with human activity. A third 
possibility is that cultivated transgenic oilseeds might turn into 
weeds themselves. This is a special concern in Europe. where 
volunteer, winterB. rmpusis becoming increasingly persistent 
along roadside medians. In the United States, B. rupu is also a 
common weed and B. nupus is becoming so in broad-leaved 
crops in the northwest. 

A suggested first step in analysis of the risk of weediness is 
to assess whether there is a manageable or acceptable level of 
weediness. Put anotherway, doesaparticulartxansgenechange 
a brassica plant to create a weed worse than one that already 
exists? This analysis is not easy, says Kathleen Keeler, since, 
“It may depend on the (context of the) situation.” Sheconsiders 
the following example. Weedy brassica populations with 
naturally occumng tolerance to the herbicide triazine exist. A 
crop with these same exact herbicide resistances, growing in 
the area where naturally occumng resistant brassica popula- 
tions are found. will pose no additional problem to agriculture. 
However. in areas where weedy brassica populations occur, 
but not triazine resistant ones. the appearance of Uiazine- 
tolerant. weedy brassicas could pose a hazard to agnculture, if 
triazines are used. 

Other examples were given of how thecontext ofa situation 
can affect a plant’s ability to become a weed For example, 
weeds prosper in disturbed environments. such as roadsides, 
arable fields and footpaths. Therefore, the tendency of a 
transgenic crucifer to become weedy may depend on the 
availability of such disturbed setungs. 

However, in the absence of a theoretical framework for 
describing how context could affect a plant’s proclivity to 
weediness, a series of experiments, specific to organism and 
situation, was recommended. A preeminent contextual issue is 
whether wild relatives grow in the range where the uansgenic 
crop will grow. The formulation of ecological maps that 
describe the range of such relatives was recommended. 

Several other generahations emerged from the discussion 
on weediness. For example, of the limited evidence collected 
to date. no genetically modified organism has been known to 
become weedy by gaining traits such as herbicide or pest 
resistance. Also, since most domesticated hybrids are less 
vigorous than the wild type (the emphasis in plant breeding has 
been on those uaits that coincidentally reduce fitness in the 
wild), such crops are unlikely to degenerate into weeds follow- 
ing further genetic manipulations. Finally, it was noted that 
most weeds have a mix of traits that define their aggressive- 
ness. On the other hand, most transgenic plants have only one 
or a few modified traits. Still. there is the possibility that the 
genetic modification of only a few, select traits, such as seed 
dormancy, could enhance a plant’s ability to become a weed. 

The development in some weed species of cross resistance, 
where a single genetic change results in tolerance tomore than 
one herbicide. or multiple resistance. where two or more 
distinct genetic changes result in tolerance to more than one 
herbicide. were other frequently mentioned possible hazards 
of field scale trials of transgenic oilseeds. David Astley, 
Horticultural Research International. Wawick, United Kmg- 
dom, noted that a variety of commercial companies are devel- 
oping cultivars of the same crop that have insensitivity to 
different herbicides. Over time. this effort could yield an 
additiveeffect. leading to weed populations with amultiplicity 
of resistances. Several speakers were uncertain as to whether 
select herbicide resistances conferred greater or lesser fitness 
onaplant. Again,experimental trids.specific totm.it.crop,and 
environment. were advised. 
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There was a lack of consensus on the importance of insect 
resistance as a hazard. Insect resistance is rarely a single trait 
and, therefore, blanket generalizations are difficult to make. 
Willy de Greef noted that no single strain of Bacillus 
rhuringiensis (Bt) can affect a whole order of insects. More- 
over, so far, no research group has attempted to insert various 
Bt genes into a single plant variety because it would be a huge 
metabolic drain on the plant. On the other hand, some pamci- 
pants agreed with Kathleen Keeler’s assessment that all 
transgenes that alter biotic interactions have a potential for 
being hazardous. 

The judgment on whether disease resistance presents a 
serious potential hazard was similarly divided. Like insect 
resistance. disease resistance may not be a single trait, and 
subtleties about the mechanisms of disease resistance can 
determine the scope of the hazard. Yet, like insect resistance. 
disease resistance is a biotic trait and altering it may release a 
plant from natural checks. It should be,noted. however. that 
plant breeders have been aansfemng disease resistance genes- 
from wild relatives tocultivatedcrop species-for generations 
with no known adverse affects. 

Most changes in plant composition. such as lipid composi- 
tion or quahty, and protein or fiber composition, were judged 
low risk, with one exception. Such changes might alter a 
plant’s palatability to pests and tlus. in turn. could alter its 
fitness. Again, specific tests were called for. 

A number of other risks were of parucular concern to some 
speakers. For example, David Astley stressed that increased 
use of transgenes in the field should encourage those who 
maintain and monitor gene banks to take speclai precautions 
that such banks are not contaminated. Rebecca Goldburg, of 
the Environmental Defense Fund, said the development of 
crucifers that tolerate and therefore encourage use of environ- 
mentally damaging herbicides. such as m i n e ,  would be 
undesirable. Jane Rissler, National Wildlife Federation. sug- 
gested that a general hazardassociated with the widespread use 
of transgenic plants is reduced diversity. However, others 
noted that management procedures. which encourage variabil- 
ity in planting schemes, are available for minimizing this 
potential problem. Ona related subject, Ralph W.F. Hardy, of 
the BoyceThompson Institute for Plant Research. Ithaca. New 
York, said that various risks, such as increased vulnerability to 
pathogens, arise in a few cases when highly advantageous 
genotypes are used continuously and exclusively, such as 
Texas male sterile cytoplasm corn. But. he suggested. that 
coordinated efforts to maintain non-exclusivity in the use of 
advantageous genotypes can avoid such problems. “We must 
be insightful at the producer level and implement the appropri- 
ate management procedures.” he said. 

Summary Section II - Consequences 

The classical approach to risk assessment involves evalu- 
ating the product of likelihood of hazard times likelihood 
of exposure (r-h*e). 

Theoretical guidelines are available for designing field 
experiments to test the consequences of gene transfer. 
The hazard mentioned most often was weediness. How- 
ever. there was no consensus on a single, preeminent 
hazard. Others receiving special attention included herbi- 
cide, disease and insect resistance, loss of diversity and 
potential contamination of gene banks. 
Assessments of gene transfer of specific transgenes, in 
particular species, in select geographic settings, were rec- 
ommended. Such assessments will require several years of 
experiments. 

Part m - safeguards 

Society may derive the benefits of geneticengineering, includ- 
ing some that carry high risks, by implementing a variety of 
techniques for managing hazards associated with gene vans- 
fer. Such transfer is likely in developmental scale field trials or 
after commercialization. Experiments on pollen disped,  
which have been carried out overthe last few decades. as well 
as experience developing purebred seedlines, offer strategies 
for monitoring gene transfer. 

Keith Downey noted that, in Canada, the current regulations 
for small plot testing of transgenic brassica oilseeds appear 
adequate. However, it is unclear whether such regulations can 
be easily scaled up, as uials move from isolated test blocks to 
larger fields. “From our experience,” Downey says, ‘‘we 
would recommend that each introduced gene should have its 
own risk assessment and, if no hazard is identified within a 
three year isolation test and evaluation program, the hansgenic 
material should be handled in the same way as we would 
introduce a mutated suain into the testing and evaluation 
system.” 

David Astley, said that in Europe, the recommended isola- 
tion distance to maintain the genetic integrity of a brassica seed 
production crop is 400 meters. An experiment, done under the 
aegis of the Planned Release of Selected and Modified Organ- 
isms (PROSAMO) initiative, to monitor the movement of a 
known gene from genetically manipulated piants in the center 
of a 1 hectare field populations of B. napus. is cumntly being 
analyzed at the Centre for Plant Science Research, United 
Kingdom. 

However, Astley suggested that. “Larger scale experiments 
without containment will present additional problems includ- 
ing the security of a field area. minimization of the probability 
of GMO [genetically modified organism] pollen reaching a 
non-experimental hybridizable plant, unrestrained access to 
pollinators and windfreak climatological events. Isolating a 
GMO experimental plot in a large, crucifer-free area, such as 
a weed-free barrier crop. with introduced bee hives, would 
prodde the basis for a ‘controllable’ experiment.’’ 

He added that. based on the results of conventional work 
done to set and maintain seed production standards, “an 
exclusion zone should extend to a radius of 400 meters. An 
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WORKSHOP PAPERS 

Paper 1 

David Astley 
Institute of Horticultural Research, United Kingdom 

General recommendations on risk assessment and codes of 
practice for the release of genetically modified organisms 
(GMOs) have been produced by the Organisation for Eco- 
nomic Cooperation and Development, United States Depart- 
ment of Agriculture and various European governments. 
National advisory “watchdog” committees have the legisla- 
tive brief to assess and monitor scientific programmes. 

Risk assessment for the use of GMOs is divided into i) a 
definition of the laboratory work in terms of the species 
involved. gene identification and DNA sequence, effects on 
the host phenotype and physiology, and ii) the potential for 
gene transfer either within or between s p e s .  the effect of 
altered combinations of genetic material on persistence of the 
GMO in the environment and its competitiveness with crops 
and wild species. and consequences to other biota and the 
environment. 

Genetic manipulation of oilseed crucifers aims to improve 
yield and quality, and to confer resistance to pests and diseases 
and insensitivity to herbicides. The final products of such 
manipulation are intended for large-scale field production. 
Therefore, ultimate field assessment must be on a scale condu- 
cive to the provision of valid scientific conclusions on the 
GMO performance and its interaction with other biota and the 
environment. But the experiment must be under sufficiently 
close control to guarantee the containment of the transferred 
gene or novel gene combination. in the UK the PROSAMO 
(Planned Release of Selected and Modified Organisms) initia- 
tive includes a Brasicurnpus program focussing on ii) above. 

Literature surveys provide considerable background on the 
pollination and pollinator biology, and crossability of oilseed 
crucifers relevant to the vansfer of genetic material from a 
GMO. Oilseed crucifers are visited regularly by insect poflina- 
tors irrespective of whether they are self-incompatible, obli- 
gate outbreeders (B. rupu) or exhibit degrees of autogamy (B. 
nupus). Experiments monitoring the movements of bees to and 
within rape crops have shown that long distances may be 
uavelled to a nectar-rich crop, but once in a crop bees forage 
within a relatively small area. lorn?. tending not to cross field 
boundaries to other nectar/pollen sources. Bateman ( 1947) 
quantified the relationship in B. rapu between percentage seed 
set and distance from the compatible pollen sources as: 60% (3 
6m, 13% @ 24m. 6% @ 43m and 1 % @ 156m. In Europe the 
maximum recommended isolation distance to maintain the 
integrity of a Brussicu seed production crop is400m. Complex 

models on foraging behaviour of pollinators have been pro- 
duced but still leave many of the points +sed in a risk 
assessment exercise open to interpretation. A PROSAMO 
experiment to monitor the movement of a known gene from 
genetically manipulated plants in the cenm of a lha field 
population of B. nupus is being analysed currently in the 
Centre for Plant Science Research, UK. 

If pollen is carried beyond the limits of the experimental 
field then transfer of genetic material to non-experimental 
plantsisapossibility. Cropsand wildspeciesofsevd genera 
including Brassix Sinapis, Raphanusand Enrcaare potential 
recipients of pollen from genetically manipulated oilseed 
crops (B. nupus and B. rupu). However, experimental inter- 
generic hybridisations have been achieved only after numer- 
ous hand pollinations and embryo rescue. Inter-specific crosses 
inBrarsicu exhibit different levels of success depending on the 
species combination. The two oilseed species are inter-fertile 
producing a vigorous sesquidiploid whchcanstabilize geneti- 
cally through backcrossing to either parent. Crosses with B. 
oleruceu as the maternal parent are possible, but difficult with 
B. rupu and extremely difficult with B. napus. However, the 
degree of success in inter-specific hybridizations varies de- 
pending on individual genotypes and environmental condi- 
tions making open-field assessment complex. Therefore in 
terms of successful chance hybridisation by GMO pollen the 
crosses of highest probability will occur between other bras- 
sica crops or volunteer weeds of the two oilseed species. In 
practical terms the major concern must focus on inm-specific 
and inter-specific hybridisation of the 2 rape species, B. rnpus 
and B. rupa B. rupa is a common weed in the USA and 
increasingly volunteer B. napus is becoming a problem in 
broad-leaf crops and field margins. Therefore planning of an 
experiment will need to take account of such possibilities by 
incorporating an exclusion zone for potentially inter-fertile 
material. 

For small-scale experiments physical containment is fea- 
sible using insect-proof. gauze cages. Bees can be introduced 
for pollination-monitoring experiments. Following the plant 
harvest, bees cwld go through a relatively short quarantine 
period with an artificial food source providing time for the 
ehination of GMO pollen from pollen-sacs and body sur- 
face. If the GMO plants are seeded the isolation cage site must 
be monitored for volunteer seedlings in subsequent growing 
seasons. 

Larger-scale experiments without physical containment 
will present additional problems including the security of a 
field area, minimization of the probability of GMO pollen 
reaching a non-experimental hybridisable plant, unrestrained 
access to polhators and windfreak climatological events. 
Isolating a GMO experimental plot in a large, crucifer-free 
area. such as a weed-free barrier crop, with introduced bee 
hives would provide the basis for a “controllable” experiment. 
Based on seed production standards such an exclusion zone 
should extend to a rddius of 4OOm. An ecological survey of the 
exclusion zone would identify potential problems with crops, 
weed species and bees from wild hves. The experimental site 
and “exclusion zone” will require strict, routine removal of 
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potential pollen recipients, especially B. rupusand B. rupaand 
wild bee hives. Bees from experimental and wild hives. and 
other pollinating insects will need to be monitoored throughout 
the flowering period of the GMO. Additional studies on the 
possibilities of pollen transfer by solitary bees, hoverflies and 
pollen beetles are required. 

The barrier crop would limit the transfer of pollen by the 
wind to non-experimental. crossable plants but would not be 
effective against the dissemination of plants by freak weather 
such as humcanedtornadoes. Very strong winds could m s -  
port bees canying GMO pollen significant distances. But 
generally pollinating insects are very sensitive to changes in 
atmospheric pressuresand hence not active during extremes of 
weather. For each potential experiment site, local weather 
records should provide a prediction on the probability for the 
occurrence of hazardous conbtions. At the completion of the 
experiment, plant material should be destroyed, preferably on 
site. to avoid dissemination of GMO seed, and the test site 
monitored subsequently for volunteer plants. Such an isolated 
site could pose security problems. 

Both oilseed species are successful weeds. In Europe 
volunteer B. napus is becoming increasingly persistent in 
other broadleaf crops and roadside verges. It is difficult to 
predict how the transfer of herbicide insensitivity or disease 
resistance from a GMO to a weed population would affect the 
persistence or competitiveness of that population. In Canada 
weedy B. rupu populations whch developed matemally in- 
herited insensitivity to m i n e  did not spread beyond their 
original area in 5 years. Insensitivity to atrazine was trans- 
f e d  to cultivars of B. rupu and B. napus using conventional 
breedmg techniques. However, insensitivity to herbicides 
based on nuclear genes. and thereby transfenable through 
pollen, would have a greater potential for spread. 

The evolution of cross-resistance to herbicides in some 
weed species is causing concern. In considering the possibili- 
ties of controlling volunteer weeds, research workers should 
screenany new GMO with herbicides. Markedsusceptibilities 
can be recorded for future use against any volunteer plants. 
Commercial companies are developing cultivars of the same 
crop with insensitivity to different herbicides which in the 
long-term could lead to weed populations with a multiplicity 
of resistances. 

In the transfer of a desired trait into a target genotype there 
is no guaranteethat alinked undesirablecharacteristic may not 
also be transferred. The unwanted gene may prove difficult to 
eliminate. One of the points made by the Royal Commission 
on the release of GMOs to the environment in the UK is that 
a viable genetic resource sample of the unmodified cultivar 
should be placed in long-term storage as a security measure. 
If necessary, it would be possible to return to the original 
genotype from the collection. 

Genetic resources conservationists are becoming increas- 
ingly interested in the collection, conservation and utilisation 
of wild and weed species. The unwitting transfer of a gene or 
novel gene combination to a wildweed taxon could lead to 
that material being collected and entered into a generic re- 
sources collection. 

Provided that genetic resource management practices de- 
signed to maintain accession integrity during seed regenera- 
tion were observed. further dissemination of the gene within 
the collection would be avoided totally. In-house 
characterisation of the accession would offer the possibility of 
gene transfer within the collection and to local crops and 
weeds. But the major concern would be the global distribution 
of a GMO-contaminated accession to research workers by a 
collection curator in total ignorance of the accession’s genetic 
history. 

Paper 2 

Robert Bernatzky 
Department of Plant and Soil Sciences, University of 
Massachusetts 

Oilseed crucifers are highly outcrossing plants. In fact, the 
diploidoilseedcrucifer(Br~sicu rupu) isanobligateoutcrosser 
due to self-incompatibility. The tetraploid B. napus is nor- 
mally self-compatible but does outcross, and self-sterility is 
actively being sought as a means of hybrid seed production. In 
a closely related crucifer, Ruphunus sutivus (radish), 
interpopulation mating rate estimates indicate that gene flow 
is as highas 3-188forisolationdistancesof 100-1000meters 
(Ellestrandand Hoffman, 1990). Weedy forms of B. nupus and 
B. cumpestris do exist at their centers of origin, and B. 
oferuceu. which can cross to both of these species to a limited 
extent, also has weedy forms. 8. napus is a natural amphidip 
loid derived from a cross between B. campestris and B. 
oleruceu and was likely formed a number of times (Tsunoda 
et al. 1980). Therefore, the potential for initial gene escape 
through cross-pollination should be considered as high. The 
extent in range and abundance of wild and weedy relatives of 
oilseed crucifers needs to be determined in those areas of the 
United States where transgenic plants might be grown. Isola- 
tion distances for these crops also needs to be determined, but 
if the rates of interpopulation mating are similar to those of B. 
surivus, then prevention of gene flow by isolation is probably 
not feasible. 

The survival of uansgenic material outside of testplots will 
depend primarily on the adaptive quaiities bestowed upon the 
plants by the introduced genes. Most of the characters that 
plant breeders select for have little or adverse effects on a 
plant’s ability to survive in the wild. Cemn genes, such as 
those that condition oil quality, may have minor effects on 
adaptability, whereas those that confer resistance to pests and 
diseases could provide significant competitive ability to plants 
in natural populations. Genes that provide tolerance to adverse 
climatic conditions could also enhance a wild or weedy 
relative’s ability to compete. Besides producing potentially 
more noxious weeds, this ‘adaptive’ class of genes could also 
produce ecological changes such as shifts in biodiversity in 
natural populations of both plants and pests. It would be 
prudent to invest in serious impact studes on the effects such 
genes would have on competitive ability prior to large-scale 
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growing of transgenic plants. There probably already exists 
data on the effects mditional plant breeding has had on weedy 
relatives for genes from natural gene pools that confer resis- 
tance to pests or tolerance to the environment. It is in the novel 
genetic consuucts derived artificially or from interlungdom 
transfers (e.g. Bt toxin) that more data is needed to determine 
the ecological consequences of gene escape. 

The problem with safeguards to prevent or minimize gene 
escape is that these measures will most hkely produce added 
cost to crop production to the point where the safeguards may 
cancel the benefits from the new genotypes. Border rows of 
non-transgenic plants would certainly reduce pollen flow 
outside of test or commercial plots and this could be tested 
using easily scored visual genetic markers in model non- 
transgenic plant populations. Self-compatibility would only 
increase the proportion of selfed progeny but would have little 
effect on the physical movement of pollen beyond test plots, 
that is, theamount of selfpollen that fallsonaself or neighbor’s 
stigma is the same for self-compatible or self-incompatible 
plants. Self-compatibility only impacts on the ability of the 
pollen to achieve self-fertihzation. Male-sterility has great 
potential to prevent gene flow through pollen but the problem 
lies in the fact that the product is seed and requires pollen. It 
wouldbe useful totesttheutility of interplanting non-transgenic 
pollen donors among male-sterile plants to determine if com- 
parable levels of seed production still occurwithout sacrificing 
too much field space. Tight linkage of the male-sterile gene 
system to the ‘new‘ gene would be the most effective way of 
reducing gene flow, even through seeds. 

Biological controls may provide some safeguards if gene 
systems can be developed that affect a plant’s ability to survive 
outside of the field without affecting its performance within. 
Although such systems may not presently exist, they may take 
the form of self-destructive gene that is suppressed by another 
gene in trans. Recombination would tend to break up the 
association and make the selfdestructive gene operable. An- 
other approach might be to link the ‘new’ gene with a self- 
destructive gene that could be induced under very specific 
conditions. A highly specific, non-toxic chemical could be 
used to induce the destructive system and could be used to 
control weedy recipients of the ‘new’ gene. These are of course 
speculations, but not beyond the realm of molecular biological 
methods. 

References: 
Ellstrand, N.C.. andC.A. Hoffman. 1990. Hybridization as an 

avenueofescape for engineered genes. BioScience40:438- 
442. 

Tsunoda S.. Hinata K., and C. Gomez-Campo. 1980. Bras- 
sica crops and wild allies. Japan Scientific Societies Press, 
Tokyo, Japan. 

Paper 3 
Biosafety of Transgenic Oilseed Crucifers 

R. K. Downey and D. J. Bing 
Agriculture Canada Research Station, Canada 

In order to assess the possibility of gene transfer among and 
betweenthemajoroilseedandweedyspeciesoftheCmcifeme, 
one needs to know the normal pattern of pollen dispersal and 
degree of interspecific crossing that can occur under natural as 
well as the most favorable anificial conditions. Research on 
both these questions has been ongoing at the Saskatoon 
Research Station for a number of years. This work was 
undertaken to establish regulations concerning suitable isola- 
tion distances for the production of pedigreed seed, and more 
recently in conjunction with the evaluation of transgenic 
Brassica napus plants showing resistance to three separate 
herbicides, glyphosate (Roundup), a sulfonylurea, and 
glufosinate ammonium (Ignite or Basta). 

Using genetic markers, it was determined in the late 1970s 
that the level of pollen contamination from commercial rape- 
seed fields onto 46-meter-square isolation plots located 46, 
137, and 366 meters distant, was 2.1. 1.1, and 0.66, respec- 
tively, for the B. napus species and 8.5, 5.8, and 3.7% for 
B. campesrris. No border effects were detected, nor was the 
level of contamination affected by the direction in which the 
isolation blocks were oriented to the contaminant source. 
These and other data from cytoplasmic male sterile rows 
grown at increasing distances from a pollen source indicate 
that, although a very large proportion of the pollen cloud falls 
to the ground within a few meters, under favorable conditions 
a small proportion of contaminating pollen can move long 
distances by insect and/or perhaps wind transpon Thus we 
know that pollen from these species can be canied aconsider- 
able distance and perhaps larger quantities of B. cumpestris 
pollen are capable of moving farther than B. mpus. The 
question remains. however. as to what happens when the 
pollen lands on a foreign stigma surface. 

To determine the ease of interspecific crossing among 
spring forms of B. napus, B. campesrris (B. rap) ,  B. juncea, 
B. nigra and Sinapis amensis (B. kaber), these species were 
artificially crossed using bud pollination in the greenhouse. 
Several of these species were also co-cultivated in field plots 
and the progeny examined for the presence of natural hybrids. 

Of greatest interest are interspecific crosses with the impor- 
tant weed, wild mustard (S. arvensis). When this species was 
reciprocally crossed with B. campestris and B. q u r ,  no 
hybrid seeds were obtained. even though pollinations were 
made on emasculated buds in favorable greenhouse condi- 
tions. Similarly, no hybrids were obtained in the cross S. 
antensis x B. juncea although the reciprocal cross produced 
2.5 hybrid seeds per 100 bud pollinations. F, plants were 
backcrossed to B. jwicea, one non-viable seed was produced 
in 1.003 pollinations. Similarly, in 1881 backcrosses to S. 
antensis, one BC,F, seed was obtained. but the plant resulting 
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from this seed was completely sterile. Thus. gene transfer to S. 
arvensis from the three major oil crop species, B. nupus, B. 
campestris and B. juncea was not achieved even under the 
most favorable conditions, and no hybrids were identified 
from natural crossing of these species when they were co- 
cultivated in field plots over a three year period. 

In crosses between B. nigra and S. arvensis, hybrid seeds 
were readily obtamed when B. nigra was the female and to a 
lesser extent when the reciprocal cross was made. The homol- 
ogy between these two species strongly suggests that B. kaber 
would be a more appropriate species designation than S. 
arvensis. 

When the amphidiploids B. juncea and to a lesser extent B. 
napus were used as females in crosses with diploid B. nigra, 3 
and0.9% of the artificial pollinations resulted in a hybrid seed, 
while the reciprocal crosses were successful in hybrid seed 
production only to the level of 0.5 and 0.1 %. When FI plants 
of the B. juncea x B. nigra cross and its reciprocal were 
pollinated by B. nigra or self-pollinated. no seeds were pro- 
duced. However. when these F1 plants were pollinated by B. 
jwzcea some seed was set. Thus, if this cross were to occur in 
either direction it is highly unlikely that a B. nigru-like plant 
would emerge. If any backcross plants were to survive, they 
would be of a reconstructed B. juncea genotype. Hybrids from 
reciprocal crosses of B. napus x B. nigru were hghly stede and 
no seed was obtained on selfing. A few seeds were produced 
on the FI interspecific hybrids when they were pollinated by B. 
napus pollen but no viable seed could be produced in back- 
crosses with B. nigra. The level of infertility of theinterspecific 
Fl’s when open-pollinated, selfedor backcrossed to B. nigra in 
these experiments clearly demonstrates the severe natural 
barrier to gene transfer from B. napus and B. juncea to B. nigra. 

Under co-cultivation in the field. the only interspecific 
hybrids obtained were from the crosses B. nupus x B. juncea 
and B. napus x B. campestris. 

The data from this interspecific crossing experiment and 
evidence from the literature indicate that the opportunity for 
gene transfer directly from B. napus or B. jwicea to S. arvensis 
is essentially zero. The possibility of gene transfer to 5’. 
arvensis from B. napus and B. jwrcea using B. nigra as a 
bridge, is also remote. This conclusion is based on the fact that 
we were not able to get selfed seed to set on the FI hybrids, nor 
were we able to ob&n backcrosses to B. nigra. In addition. it 
is known that B. nigra is not a common weed of western 
Canada and rarely, if ever. is found in association with B. 
nopus, B. juncea or S. antensis. Even in eastern Canada. where 
B. nigra is found in the Great Lakes region, it does not have a 
wide distribution and is normally a weed of waste places rather 
than cultivated fields. On the other hand. the ease with which 
interspecific crosses were obtained both in the greenhouse and 
under field conditions between B. napus, B. campestris and B. 
juncea suggests that gene transfer among these species in 
western Canada could. and perhaps does, occur in nature. 

The present Canadian regulations for small plot testing of 
Brassica oilseed uansgenic materials appears to be more than 
adequate. However. there is an area of uncertainty as to the 

controls that may be imposed as we move from testing in an 
isolated transgenic test block to cooperative field trials or to 
field-scale multiplications for pilot plant extraction and prod- 
uct evaluation. From our experience, we would recommend 
that each introduced gene should have its own risk assessment 
and that if no hazard is identified within a three-year isolation 
test and evaluation program, the transgenic material should be 
handled in the same way as we would introduce a mutated 
strain into the testing and evaluation system. None of the 
transgenic brassicas that we know today appear to pose a threat 
to the environment since they can all be controlled with 
presently available herbicide and cultivation techmques. 

Paper 4 

Stephen Gleddie 
Agriculture Canada, Plant Research Center, Canada 

In order to rank the potential risks associated with field tests of 
transgenic crucifers containing the various types of genes 
whch were mentioned on October 9, 1990, I have used the 
following rationale. The disease and insect resistance genes 
that were mentioned do not pose any risk at all in my opinion. 
I believe that these hvo objectives are components of many 
conventional breeding programs of oilseed crucifers. If we are 
concerned about gene flow of these aaits from cultivated 
oilseed crucifers (Brmsica napus, B. campestris, B. juncea) 
intocruciferous weeds then we must evaluate the objectives of 
any breeding program. Surely it is recognized that plant 
breeders have been actively searching for novel sources of 
disease and insect resistances for many years. And when these 
traits are found, they have been incorporated into the gene 
pool(s) of the crop plants. Can anyone find any example of 
such a uait which has ‘escaped’ from the crop and caused the 
weed population to become a more adapted pest? Surely the 
models are in place to test this since oilseed crucifer breeding 
programs have been established for many years (30 to 40 
Years). 

When the discussion of alteredpmein, oil andcarbohydrate 
metabolism was held, I sensed that certain panelists were 
expressing the same concerns mentioned above-namely that 
these traits, should they ‘escape,’ would cause increased 
fitness in the weed population. However, as rapeseed breeding 
programs established 3 0 4 0  years ago in Canada have shown, 
it is possible to make massive strides by “conventional plant 
breeding.” This has resulted in much higher oil and protein 
content. in quality modifications (canola) of specialty oil 
cultivars, etc., etc. Yet after all of h s  effort to “improve” the 
crop, I am not aware of any measured changes or alterations to 
wild crucifers and weeds. In my opinion, the debate over the 
consequences of gene escape was a moot debate when it 
concerned the escape of disease resistance. insect resistance 
and quality traits. 

When the debate over the consequences of gene escape 
switches to herbicide resistance. I believethat this is not amoot 
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debate. It is possible under these conditions that escaped genes 
would survive in the wild due to selection pressure. However, 
with proper crop rotations, this should not be a problem. As 
was pointed out from the floor (Dr. Pierce. Dupont) the 
potential for herbicide resistancdtolemce transfer from the 
crop species into weedy species has existed in the past. When 
herbicides are found to be selective against specific weeds 
(wild mustard) while the crop plants are naturally resistant (B. 
napus, B. campestris), then a perfect model is established to 
test the potential movement of resistance gene@) from the crop 
into the weeds. One such model system comes to mind. The 
Dupont herbicide "Muster" is registered in Canada to control 
wild mustard in canola since B. napus and B. campesrris are 
naturally tolerant. Although these are not transgenic brassicas. 
it should be possible to test the movement of resistance gene@) 
from canola into wild mustard under field conditions of 
various herbicide regimes. This simple assessment may pro- 
vide some data about the rate of spread of herbicide resistance 
under various levels of herbicide application, and various 
rotations of herbicides. 

Because I do not view the increase in weediness as aserious 
problem in uansgenic oilseed crucifers. I will not address this 
issue. 

In conclusion. I found some of the arguments regarding the 
consequences of gene escape to be rather obscure and hypo- 
thetical, while our knowledge and past experience with plant 
breeding and agronomy was often forgotten or overlooked. 

The third major question dealt with safeguards and I noted 
the plea or point made by Paul Williams that adequate! funding 
be maintained for the various gene banks and plant genetic 
resources units. This plea was forcontinued support for proper 
isolation facilities and good pollination control systems (tents). 
If the propercare and handling of important genetic resources 
is practiced then I think we have done what is necessary to 
maintain the genetic integrity of these resources. 

It is certainly my opinion that txansgenics will one day 
become a routine part of agriculture. We need to address the 
questions and points that were raised at this meeting so we are 
confident about safety. As you can gather from my opinions. 
public and environmental safety is not compromised by field 
tests of transgenic oilseed crucifers providing the appropriate 
safety measures are taken. 

Paper 5 

Rebecca J. Goldburg 
Environmental Defense Fund. New York 

Introduction: Focus of My Comments 
I will limit my comments in two ways. First. transfer of 
genetically engineered traits from transgenic crop plants to 
their related plants is widely considered to be the major 
environmental risk of introductions of transgenic crop plants 
(e.g. Center for Science Information, 1987; Hoffman. 1990). 
My comments focus on (a) the likelihood of gene transfer from 
uansgenic oilseed crucifers to othercrucifers, (b) the environ- 

mental consequences of gene transfer, and (c) an example of 
the sort of natural history information and data from experi- 
ments that will be needed in order to make informed decisions 
about the consequences of gene transfer. 

Second, althoughoilseedcrucifers are not now particularly; 
common crops in the United States, a number of crucifer 
species have been grown for oil in various regions of the world. 
These include Brassica ccunpestris, B. nigra, B. napus, B. 
jwlceu, Raphunus sativus, Sinupis d b a  Emu sativa, Crambe 
maririma, C. abyssinica, and Camefina sativa (Crisp, 1976). I 
will limit my comments to the three oilseed mcifer species 
that are most actively being promoted as new crops to fanners 
in the United States: B. campestris, B. napus, and C. abvssinica 
(Erickson and Bassin, 1990). Varieties of B. napus and B. 
cmpesrris that are low in glucosinolates and have an erucic 
acid content of less than 2% are known as canola (Cooperative 
Extension Service. 1990). Canolaoil is consumed by humans, 
and defatted canola meal is consumed by livestock. High 
erucic acid varieties of B. napus and C. abyssinica can be 
grown to produce industrial oils. After detoxification, defatted 
industrial oilseed meal, like canola meal. can be consumed by 
livestock (Erickson and Bassin, 1990). 

Likelihood of Gene Transfer 
Bmssica spp.: 
Gene transfer from transgenic oilseed Brassica spp. to other 
crucifers could easily occur. B. napus and B. campestris can 
hybridize withanumber of crucifer species. In malcrosses,for 
example, Yamell (1956) found that B. napus hybridizes with 
B. cumpestris (including wild varieties and vegetables such as 
Bok Choi, whch Yamell classifies as separate species but are 
now considered as B. campesrris [T. Mitchell-Olds, pen. 
comm.]) and B. junceu (brown mustard), although the fertility 
of the hybrids varies. Crosses with the weed B. kaber (now 
commonly called Sinupis arvensis) and the radish R sativus 
aredifficult, but possible. According to Kemp( 1989),B. mpus 
also crosses with the wild and often weedy plants B. n i p  and 
B. him. Cultivated transgenic B. nupus would also be ex- 
pected to cross with weedy strains of B. napus. 

Wild B. campestris crosses with cultivated B. campestris 
vegetables, R. sarivur, B. oferucea (cabbage and other Cole 
crops), and B. carinata (Abyssinian mustard) (Yarnell, 1956). 

Most of the results discussed above are from artificial 
experiments, but cross-pollination between oilseed Brassica 
spp. and other crucifers could occur naturally in the United 
States. In Kansas. for example, oilseed crucifers bloom from 
late Apnl through May. Weedy B. campestris, B. juncea, and 
B. kuber also bloom in Kansas at th~s time (Gates, 1941) and 
thus are available for cross-pollination. Moreover, both B. 
campestris and B. nupus are insect pollinated, with honey bees 
acting as important pollinators 0. Shistar. pen. corn.). Since 
honey bees tend to range as far as two to three miles from their 
hives (Kansas Agricultural Experiment Station, 1977), cross- 
pollination could occur between Bracisicaspp. a good distance 
apart 
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Cross-pollination between cultivated high erucic acid rape- 
seed and low erucic acid canola is already a problem. It results 
in oilseeds with intermediate levels of erucic acid that are unfit 
for human consumption and of low value for industrial oils 
(Van Dyne et al.. 1990). To avoid such problems from cross- 
pohnation. Idahoestablished six rapeseed production areas in 
1986. 

Crambe abyssinica: 
Transgenic C. ubyssinicu may be less likely than transgenic B. 
napus or B. cumpestris to transfer genes to other crucifers. 
According to Van Dyne et al. (1990), C. ubyssinicu does not 
cross-pollinate with canola or industrial rapeseed (although no 
reference is given for this assertion). 

Conclusion: 
Gene transfer from transgenic oilseed Brmsicu species to 
other crucifers could readrly occur-given that transgenic 
crucifers have flowering phenologies and spatial distributions 
that overlap with other crucifers. It may be possible in some 
small-scale experiments to genetically isolate transgenic cru- 
cifers from other crucifers, for example by endmg the experi- 
ment before anthesis. However, because theoretically only one 
gene transfer event is needed to introduce a gene to a popula- 
tion. and use of commercially available seeds is difficult to 
closely control, it will be virtually impossible to genetically 
isolate commercially available transgenic oilseed crucifers. 

Environmental Consequences of Gene Transfer 
The environmental consequences of gene transfer from 
transgenic oilseed crucifers to other crucifers will depend, in 
part. on whether the recipient crucifer is a crop or wild plant. 
Because industrial oilseed crucifers are not intended for hu- 
man consumption, genes encdng industrially valuable traits, 
or pesticidal compounds that are hazardous to humans, could 
someday be genetically engineered into oilseed crops. This 
could result in problems analogous to those that already exist 
from cross-pollination between low and high erucic acid 
oilseeds, as discussed above. Cross-pollination could h y p  
thetically lead to engineered toxins being present in canola 
seeds, or possibly even mustard seeds intended for spices or 
condiments. 

Gene transfer from transgenic oilseed crucifers to wild 
crucifers could lead to undesirable consequences in some 
instances. Transferred traits, such as drought or salt tolerance, 
or resistance to insects or pathogens, could confer an advan- 
tage to wild crucifers and spread via natural selection. Armed 
with their unique genetic advantage. plants with such acquired 
Uaits could displace populations of the same and other species 
(Wilson. 1990). Thus, erosion of genetic diversity, already a 
considerable problem in plants,could be exacerbated. A single 
instance of such genetic erosion, without other immediate 
obvious consequences, might in some people’s eyes not be a 
serious loss. Nevertheless, the cumulative effect from wide 
uncontrolled use of transgenic plants could be considerable. 

Because most, if not all, wild crucifers that cultivated 
oilseed crucifers are known to cross-pollinate are not native to 
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North America, displacement of populations of native wild 
plants by wild crucifers could be a “double whammy” to 
conservation. The population size or geographc distribution 
of an exotic species would not only increase, but the increase 
would occurat the expense of one ormore native plant species. 
On the other hand, any genetic erosion that occurred within a 
population of wild non-native crucifers as a result of gene 
transfer would likely not be of concern to conservationists. 

In at least three ways, transfer of asingle gene to a wild plant 
could have severe consequences beyond genetic erosion. First, 
a transferred gene could confer a significant advantage to a 
wild plant and increase problems it causes as a weed. Gene 
transfer from transgenic oilseed crucifers could have such a 
result, particularly because B. cmpesrris, B. nigru, B. napus, 
B. h i m ,  B. jwtceu, andR. surivus are all considered weeds, and 
B. kober is considered a serious weed (Agricultural Research 
Service, 1971; Office of Agricultural Biotechnology, 1990). 

Second, transfer of a pest-resistance gene could cause 
populations of a wild plant to no longer be available to animals, 
such as butterflies, that depend on it for food. This could lead 
toadeclineinpopulationsof theaffectedanimal.This problem 
is. however. unhkely to arise from gene transfer by oilseed 
crucifers in North America Most, if not all, wild crucifers that 
cultivated oilseed crucifers are known to cross-pollinate are 
non-native. Thus, it is unlikely that native animal species 
specialize on these wild crucifers for food. 

Third, transfer and spread of a gene-confemng herbicide 
tolerance to a weedy bmsica could lessen the usefulness to 
farmers of the herbicide to which tolerance was conferred. 
This could have undesirable environmental effects if, in order 
to control the tolerant weed, farmers applied larger quantities 
of herbicide or especially environmentally “harsh’ herbicides. 
(Of course, herbicide-tolerant oilseed crops could themselves 
have similar undesirable environmental effects, by changing 
patterns of herbicide use [see Goldburg et al., 19901.) 

Evaluating the Consequences of Gene Transfer 
Evaluating the consequences of gene transfer from a particular 
transgenic oilseed crucifer to a wildcrucifer may often require 
ecological studies. Although transfer of certain traits, such as 
pest resistance and stress tolerance, has the potential to confer 
a selective advantage to wild crucifers. deciding whether the 
trait actually will confer a selective advantage may require a 
modest to considerable amount of field research. 

Consider the example of a “B.t.” gene confemng resistance 
to lepidopterans. Transfer of a Bacillus rhuringienris (B.t.) 
gene could confer a selective advantage to a wild plant if the 
piant‘s reproducuve success is limited by phytophagous lepi- 
dopterans. Steps to evaluate this possibility might include the 
following: 

Survey scientific literature and natural populations of the 
wild crucifer to establish which lepidopterans feed on it. 
Because insect host plant choicesand population levelscan 
vary considerably in space and time (Fox and Morrow, 
1981). such surveys should not be restricted to just a few 
arucles. places. or days. 



Given that lepidopteran “X” does feed on the wild crucifer, 
check to see if it is on state or feded lists of threatened or 
endangered species. 
Since not all lepidopterans are equally susceptible to B.t. 
delta endotoxins, feed lepidopteran “X” tissue from 
transgenic plants to evaluate the insect’s susceptibility. 
Perform field experiments to see if lepidopteran “X’ af- 
fects the reproductive success of the wild plant. This could 
be accomplished through experiments in whch the lepi- 
dopteran was excluded (e.g. by cages or “Tanglefoot”) 
from some wild plants but not others. Various indicators of 
plant health as well as direct indicators of reproductive 
success. such as seed set, could be measured as responses 
to the exclusion experiments. (See Lou& [ 19841 for an 
example of an experiment demonstrating that an insect 
herbivore significantly reduced the size and fruit condi- 
tions that exist in natural environments, such experiments 
would likely need to be performed m more than one field 
season and location.) 

Acknowledgment: These comments were prepared with the 
assistance of Teny Shistar. 
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Paper 6. 
Some Considerations on Introductions for 
Field Research and Commercial Production 

Ralph W. F. Hardy 
Boyce Thompson Institute for Plant Research at Cornell. Inc.. 
New York 

My comments are based upon participation, during the last 
several years, in several groups that have identified principles 
for introduction of transgenic plantsfor field research and upon 
my developing thoughts on principles to guide large-scale 
commercial production. The principles for decision-making 
for field research will be summarized, and their relevance to 
transgenic crucifers and to other transgenic plants is stated. 

A recommendation is made to perfom field re- 
search with easily measured. environmentally neu- 
tral marker genes in transgenic commercial cruci- 
fers to quantitate gene flow, if any, to wild and 
weedy relatives such as mustard and stink weed 
that are found in areas of commercial production of 
crucifers. It is also recommended that maps with 
ecological profiles of the relatives of crucifers be 
made with the data entered into the public data- 
base. 

Risks of field introduction for research on uansgenic cruci- 
fers is expected to be extremely low based on the considerable 
relevant experience with traditional plant breeding of domes- 
ticated crops including crucifers. The risks for large-scale 
commercial production may, on occasion, be larger than for 
field research based on the commercial production experience 
of traditional crop agriculture. Significant risks have occurred 
only on rare occasions: these occasions. in general. accompa- 
nied the major adopuon of a crop genotype, e.g. male-sterile 
cytoplasm corn or an agrichemical. e.g. systemic fungicide 
where massive and continuous use led to a weakness, e.g. 
southern corn blight and benomyl pesticide resistance. 

It is recommended that a process be established to 
minimize the risks of commercial production of 
transgenic crops including crucifers. 
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Field Research 
The published reports of several committees have identified 
principles for decision-malung on field introduction of 
transgenic plants (BoyceThompsonInstitute. 1988: Broohngs 
Institution, 1987; General Accounting Office. 1988: National 
Academy of Sciences (NAS), 1987; NAS 1989; Office of 
Technology Assessment. 1988; and Tiedje, et al, 1989). The 
1987 National Academy of Sciences (NAS) report, Introduc- 
tion of Recombinant DNA-Engineered Organisms into the 
Environment: Key Issues (NAS, 1987), concluded that risk is 
associated with a genetic product rather than the process+.g. 
traditional plant breeding, cellular techniques. or molecular 
techques-used to produce that product. In late 1987 a 
highly focussed workshop at Boyce Thompson Institute on 
Regulator): Considerations: Genetically Engineered Plant? 
led ecological and genetic scientists to conclude that there is 
negligible agncultural or environmental risk in the near term 
for most field releases for research and commercial use of 
genetically engineered major crops. Crucifers were not con- 
sidered since they are not one of the top fifteen major U.S. 
crops. It was recommended that maps should be made and 
ecological profiles completed of the relatives of crop plants. 
and these datashould be entered into a public database. At this 
crucifer workshop, it is recommended that such maps be 
produced for the world areas where field tests and commercial 
productions of crucifers occur or are projected. In 1989. the 
National Research Council published Field Testing Generi- 
cally Modifid Organisms: Framework for Decisions (NAS). 
Ths report documented the relevant and remarkably favorable 
experience base of safe field introductions for research pur- 
poses of hundreds of millions of novel genotypes of crop plants 
produced by plant breeding. Experience with exotic plants was 
concluded to be not relevant to transgenic crop plants. Weedi- 
ness is the major concern identified for uansgenic plants. but 
it was noted that gene transfer from domesticated crop plants 
to wild and weedy relatives where such relatives exist would 
domesticate the weedy relatives and thereby decrease their 
competitiveness. A three-step decison tree identified familiar- 
ity/experience, containment, and riskas the key considerations 
with examination in rheabove sequence.This decision treecan 
be applied to genetically modified crops produced by tradi- 
tional plant breeding as well as by cellular or molecular 
techniques. The decision tree should apply to transgenic 
crucifer crops as to other transgenic crops. In addition. it was 
noted that the molecular techniques allow appropriate risk 
questions to be asked and answered with a greater precision 
than for tradtional or cellular techniques. 

It is recommended that information on gene flow for crop 
crucifers be collected under field conditions in different gee 
gxaphc areas if it has not already been done or is in process. 
Transgenic crucifers with an easily measured and environ- 
mentally neutral marker gene, e.g. bacterial or firefly luciferae, 
could be used. Movement into native plants such as stink weed 
or mustard may be of interest in Canada and the United States. 

Commercial Production 
Based on agricultural experience. the risk from large-scale 
commercial production of domesticated crops may, on rare 
occasions, be greater than the risk of introductions for field 
research. For example. the large-scale use of a specific male- 
sterile cytoplasm genotype with advantages for hybrid corn 
production led to a major problem of susceptibility to southern 
corn blight and a major com-yield loss in a single year. The 
male-sterile cytoplasm genotype was replaced in succeeding 
years to eliminate the blight problem. A similar example for 
agrochemicals is the development of pesticide resistance 
National Research Council, 1986). The dominant and continu- 
ing use of an advantageous systemic fungicide Bedare in the 
1970s led to the development of resistance to the fungicide. 
Crop agriculture risks. when they have occurred with novel 
genotypes or agrochemicals, have arisen from dominant and 
continuous use of the advantageous genotype or agrochemi- 
cal. Similar risks may. on occasion, occur with transgenic 
crops such as transgenic crucifers. It is recommended that 
systems be established to record areas where specific transgenic 
crops are grown. Where problems may develop such as 
pesticide-resistant insect pests, consideration should be given 
tolimit thecontinuous growth of the insect-resistant transgenic 
crop. 

summary 
Principles for induction for field research of transgenic 
crops are applicable to crucifers. Maps should be made of the 
ecological profiles of native relatives of crop crucifers. Mini- 
mizing the rare but real risks of dominant and continuous use 
of a specific genotype may be the major risk for commercial 
production of any transgenic crop including transgenic crop 
crucifers. 
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Paper 7 
Environmental Consequences of Gene 
Escape: weeds 
Kathleen H. Keeler 
Department of Biological Science, University of Nebraska 

Risk 
In the study of risk assessment the risk is considered the 
product of the hazard times the exposure (r=h*e). If there is no 
hazard,ornoexposure,therecan benorisk Asimilarapproach 
to assessing the potential problems from genetically engi- 
neered (transgenic) organisms in the environment sets the risk 
of a problem from transgenic orgasms or transgenes as equal 
to the probability that the transgenic organisms or genes will 
cause a problem (hazard) and the probability that the organ- 
isms or genes will escape from the intended location(s) to sites 
where they can cause a problem (exposure). This approach 
seems appropriate for release of transgenic organisms smce 1 ) 
it draws on an established methodology, 2) is quantitative or 
potentially so, and 3) assumes that a very complex problem can 
be broken into independent and manageable component parts 
for analysis. 

The most likely and potentially serious risk of releasing 
transgenic plants is the generation of new. serious weeds (e.g. 
Colwell et al., 1985: Hauptli et al., 1985; Tiedje et al., 1989). 
This seems particularly likely for brassica, given the m y  of 
weeds already present in the family and genus (e.g. Holm et al., 
1977; Rollins, 198 1 ; Beversdorf, 1987). I confine myself to the 
problem of weeds produced by uansgenic plants here. My 
definition of weed is “a plant that interferes with human 
activity” (Salisbury, 1961; Buchholtz, 1967) and the focus is 
on agricultural weeds and plqts  that might move from crop 
lands into surrounding habitats. 

Analysis using the risk assessment model proceeds as 
follows: 

There is no risk if there is either no probability of a negative 
effect or of escape. Let me take these in reverse order. 

Exposure: Escape 
I will assume that transgenes and transgenic plants in the field 
where they were planted are not a problem. Agricultural 
research should producecrops that are under control within the 
fields where they were planted. Exposure in risk assessment 
thus means: Will the transgenes or transgenic plants leave the 
field to cause problems? The possible methods for leaving the 
field to cause a problem are 1) production of populations of the 
crop that act as weeds, and 2) gene exchange (hybridization) 
with weedy wild relatives so that the weed populations possess 
and benefit from the transgene. I am disregarding the possibil- 
ity that plant genes are transferred other than via pollination, 
because I know of no cases of natural horizontal transfer 
between higher plants. 

1) Populations of the crop as weeds. The data is not yet all 
in as to whether our modem crops can readily act as weeds, or 
whether weediness requires substantial allele substitution 
fromthecropplantphenotype(Kee1er. 1989; Fitteretal., 1990; 
Keeler. 1990). Brarsicu provides a group in which the serious- 
ness of crop varietiesacting directly as weeds can be evaluated. 
Ifcrops were toactas weeds without furtherevolution,thefirst 
place this would be expressed is in carryover. Crops frequently 
germinate or resprout in the field the following year, in the 
presence of a new crop. While methods for controlling carry- 
over weeds seem to be generally effective, brassicas do present 
a serious weed problem due to carryover and any transgene 
that might enhance that weediness needs to be taken very 
seriously. 

While any transgenic crop that poses a problem as a 
carryover weed is going to be a weed problem, transgenic 
crops that do not cause immediate problems may form xudeml 
populations that are problematic later, or invade sumunding 
habitats. Transgenic crops that are invasive need to be pre- 
vented but will be harder than carryover weeds to assess, 
monitor, and eliminate. 

2) Hybridization with weedy wild relatives. In this case, the 
transgene moves to a genome that already has an effective 
weed phenotype. If the transgenes give this weed enhanced 
success as a weed, this could be serious indeed. 

However. the mere presence of a wild relative growing 
around the field does not signal that transgenic brassicas 
should be avoided. Not all relatives. including members of the 
same genus, hybridize with a crop and many fewer will 
hybridize under field conditions. Thus, the crop and the 
relative must cross under the specific growing conditions for 
the genes to escape. However, plants which cross “rarely” 
represent a situation in which caution should be exercised: in 
the case of hybridmition the improbable event can have too 
senous consequences to be ignored because of a low probabil- 
ity (e.g. Colwell. 1988). For Brassicu there are excellent data 
on these relationships. 

There is an additional criterion for evaluation of crossing 
with wild relatives: are the relatives weeds? There axe many 
plants that are very abundant without being treated as weed 
problems. This is another situation in which it would be 
exmmely costly to be wrong. but a transgenethat escapes into 
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a common wild relative of the crop does not pose a problem 
unless that relative interferes with human activity. If. with or 
without the vansgene, the relative is abundant but not weedy, 
there is no weed problem. I have in mind Raphanus 
raphistnun, the wild radish, in northern California It is very 
abundant but is not listed among California’s noxious weeds 
(California Dept. of Agriculture, 1988). Again, the dangers of 
being wrong in the assessment here should be weighed care- 
fully, because if a plant that is very abundant becomes noxious 
there is an immediate and serious weed problem. 

Practical solutions to the problem of hybridization with wild 
relatives will require detailed information on the distribution 
of thewildrelativesandonwhichonesarecompatiblewiththe 
crops, something that could readily be generated for Brassica. 

Differences between the two types of weed production 
include: i) carryover can occur anywhere Brassicu is grown, 
while hybridization can occur only where the wild relatives 
exist. although wild relatives have been .widely introduced 
(e.g. Holm et al., 1979; Rollins, 1981). and ii) methods to 
control carryover can be worked out in advance by seriously 
considering how to control transgenic brassicas should they 
carryover. With sufficient vigilance, naturalizing populations 
of the crop can be prevented as well. In conwt, the wild 
brassicas that are considered weedy receive that designation 
because they arealreudy difficult tocontrol. With a uansgene, 
they can be expected to get worse. Thus, weedy populations of 
thecrops are potential problemseverywherethecrop is planted 
but controllable. whle weed problems with hybrids will be 
confined to specific areas (where weedy compatible relatives 
are found) but are more likely to be extremely serious. 

ForBrassica, boththecropasaweedand hybridization with 
weedy wild relatives need to be taken seriously. However, to 
safely manage uanseenic plants, if exposure can be reduced 
toward zero. for example by releasing plants which can be 
efficiently and cheaply eliminated to prevent carryover and 
naturahzation where there are no compatible weedy relatives 
present, then the risk approaches zero, whatever the name of 
the tramgenes. 

Hazard: New Weeds 
If the exposure is not zero-the current situation-then the 
nature of the transgenes must be considered. If those pose no 
hazard, there is no risk, whether or not there is exposure. 

Nontransgenic brassicas are assumed to pose no hazard, 
since they are currently widely grown crops. Thus. transgenic 
brassicas will only become a hazard if the transgenes change 
their phenotype (the way genes are expressed in the whole 
organism), or escape to change the phenotype of some other 
organism. 

The first step, which seems straight-forward. is todetermine 
whether the particular transgene can change the crop or hybrid 
brassica in such a way as to create a worse weed. If the answer 
is no, then there is no hazard and so no risk of a problem. 

Actually, this analysis is not as easy as it appears at first 
glance. I wrote that the criterion is the creation of a “worse 
weed” but in fact ths point needs discussion. Some brassicas 
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are economically important weeds. If a new variety with the 
same propemes. and no worse, than one of the existing weeds 
is produced. is this a hazard or not? The easy response of “no 
hazard’ may depend on the situation. Consider this example: 
weedy brassicas with natuially occurring resistance to the 
herbicide triaiine exist (LeBaron. 1984: Beversdorf, 1987). A 
crop with those same exact herbicide resistances, growing in 
the area where the naturally occurring resistant brassicas are 
found, will pose no addtional problem to agriculture and so no 
hazard. However, in areas where weedy brassicas occur but 
not uiazine-resistant brassicas. or where uiazine resistance is 
found but not in the weedy brassicas, the appearance of 
triazine-resistant weedy brassicas does pose a hazard to agri- 
culture. To releasetriazine-resistant brassicas where the weeds 
aretriazineresistantwouldnotposearisk(butispointless), but 
triazine-resistance genes do have the potential to produce a 
worse weed where the genes are not yet found. A practical 
solution to this problem is not obvious to me. 

What is obvious. however. is that genes which offer no 
prospect of enhanced weedinesscan bereleasedwhetherornot 
they escape. Oil quality. date of maturity, seed presentation- 
a number of genes may fall into this category. It is impossible 
to give a blanket exemption for any trait, however, because 
somewhere there is an environment in which this gene raises 
the fitness of a weed. If the trait that changes the oil quality of 
the seed made the seeds attractive to seed-gathering ants, they 
might carry them away, bury them in their nests, and in so 
doing turn the crop into an invader of surrounding deserts. 
Nevertheless, many genes can be agreed to be innocuous in 
real-world environments, especially after a few experiments 
on the performance of the transgenic phenotype. 

In addition. some genes will alter the phenotype without 
expanding the rangeof variation of the species: if the transgene 
changes a phenotypic characteristic of a cultivar in which the 
crop already has a great deal of natural variation, it is possible 
to compare the transgenic phenotype to previously existing 
phenotypes, and determine that the tolerancesof theuansgenic 
plant fall within the range and so present no increased hazard. 
For example, an agronomically useful trait which confers, in 
addition, some cold-tolerance to the variety but does not 
extend that variety’s cold tolerance outside the range of cold 
tolerance for other Brarsicu varieties can be effectively com- 
pared to the record of the most cold tolerant variety in terms of 
weed potential. If it is less tolerant than other varieties and they 
are not weed problems, this change of phenotype due to the 
transgene can be concluded not to enhance weediness. 

For an m y  of n-aits it should be possible to either establish 
that each trait does not enhance weediness in any abundant 
environment and is theoretically unhkely to do so even in 
impossible circumstances. Other traits can be shown to fall 
withintheexistingrangeofvariationofthecropsothattheuait 
will not expand weed potential. Both sets of exemptions have 
potential for failure. and the consequences of making an error 
with a panicular uait need to be taken into consideration. Note 
the point made above that just because the same trait occurs 
somewhere in the species does not mean that the trait may not 
pose a hazard. Nevertheless. it seems probable that an array of 
innocuous transgenes exist and, if hazard is zero, risk is zero. 



This brings us to the not-necessarily-innocuous transgenes. 
Forthese. the potential for negative effects from theuansgenes 
must be analyzed and aset of criteriaabout tolerable probabili- 
ties of problems established. Potential risk vs potential benefit 
analyses seem more useful than analyses based on risk alone, 
because. as I see it, that better reflects actual human decision- 
making. 

The releases that will cause the most debate will probably 
either offer great benefit to agriculture but have relatively high 
potential for producing weeds. or involve a transgene that is 
perceived as benign by some groups and lughly hazardous by 
others. I would like to make a few comments about the 
approaches for evaluation of such releases. 

1. Not all conflicts are resolvable to everyone’s satisfaction, 
becausenot everyone willaccept compromisesolutions. How- 
ever, some of the differences in perception come from differ- 
ent assumptions and goals and making those explicit will help. 

For example: where is the transgene likely to be a weed? 
Agricultudsts are more concerned about weeds of agricul- 
ture: environmentalists are more concerned about weeds of 
natural areas. Thus, a minorcrop weed with potential to invade 
native meadows at the expense of small native crucifers would 
be strenuously objected to by the environmentalists although 
agricultural extension weed specialists, if polled, might con- 
clude this plant was too unimportant to require control efforts. 

Likewise, what traits are hgh hazard? Herbicide tolerance. 
as an escaped trait, raises anxiety in the hearts of any company 
trying to develop viable crop varieties, since the herbicide- 
resistant wildrelativewill eliminate themarket forthe resistant 
crop. Range and natural area managers give little attention to 
the production of herbicide-resistant races because range 
managers cannot afford herbicide as a weed control option and 
natural areas contain too many susceptible species for herbi- 
cides to be used in weedcontrol. Thus, the selective advantage 
that herbicides confer is missing from rangeland and pre- 
serves, and so such races offer little threat. 

2. Ecology is changing like other fields. As in all fields, the 
textbooks lag. I want to draw attention to a principle of ecology 
that has womsome implications for the release of transgenic 
crops. 

Many of the genes that can effectively be uansferred to 
plants and that show economic potential are genes which 
confer biotic resistance, that is, resistance to other organisms 
including herbivores or diseases. Even herbicide tolerance is 
a biotic resistance, in the sense that it allows application of 
herbicides to prevent competition from other plants (weeds) 
from reducing the crop yield. Generally, the literature indicates 
that plants are limited by abiotic environmentai factors. such 
as rainfall temperature and salinity, so it is not immediately 
obvious that the success of biotic resistance genes will enhance 
weediness. However, whle ecologists are currently trying to 
determine the relative importance of biotic interactions in 
limiting plant numbers, there is agreement that biotic interac- 
tions can and sometimes do limit plant numbers. Thus: i) biotic 
interactions can limit plant abundances. i.e., keep plants under 
control, and ii) a weed is a plant whose numbers are out of 
control, or, which is more abundant than people like (the same 

plant if infrequent is not a weed problem). The conclusion is 
that changes in biotic interactions can cause weed problems. If 
biotic interactions-competitors, disease, herbivores-keep a 
plant relatively rare, it is not a weed problem. Should it become 
resistant to these the biotic intexactions. more seeds will be set, 
and the numbers might rise to a level that it becomes a problem 
weed. AII transgenes that alter biotic interntiom have the 
potential for increasing the abundance of the plant and there- 
fore increasing its weediness, as a consequence of these very 
basic principles of population regulation. 

What does this mean for brassicas? It means that msgenes 
for herbicide resistance, insect resistance and disease resis- 
tance all have the potential for causing a weed problem. The 
way herbicide resistance can raise weed fitness has received a 
lot of attention, so I’ll consider insect and disease resistance. If 
weeds lose substantial fitness to insect damage or disease then 
the current status of the weed requires losses to those enemies. 
Protection will raise their fitness. and therefore change their 
weedmess, and a more fit weed is a more serious weed. 

Basic interactions can limit plant abundance: but how 
important is it really? There is little direct information. How- 
ever. let me suggest that the field trials to see if the transgene 
is worth pursuing are a good set of preliminary studies on the 
value of the gene to the weeds. A transgene that is valuable in 
crop protection demonstrably lowers damage to the plant and 
raises production. Forcrops like oilseed rape, effective prom- 
tion means more seed production. I contend that this is directly 
relevant data on how a weed with the uansgene would fare. 
The weed is either a naturalizing population of the crop itself 
or a weed so similar to the crop it will cross with it. This 
suggests that almost always, the crop and the weed will be 
sufficiently similar that pests of one are pests of the other. 
Therefore, if pest resistance can allow greater seed production 
by the crop, there is no reason to expect it not to allow greater 
seed production by the weed Weeds that produce more seeds 
are going to be more abundant. 

The principle that biotic interactions that are changed by 
transgenes could be the ones controlling weed populations is 
one of the reasons for ecological concern about releases. A 
weed with enhanced fitness could invade natural areas. Like 
the situation with herbicide-tolerance described above, how- 
ever, escape of a successful transgene will affect growers first. 
The lack of concern about such escape by breeders suggests 
that detailed knowledge about the brassica weeds indicates 
they are not limited by biotic interactions. If this were docu- 
mented it could allay the concerns of many ecologists and 
environmentalrsts. 

One final point: there will always be the possibility of 
subsequent evolution of the plants. For example, a small 
naturalized population might become an enhanced weed due 
toanew mutation with synergistic effect on thetransgene.This 
sort of problem is beyondthe ability of regulators and breeders 
to prevent. If public interest groups thought that a transgenic 
weedy brassica even might, after attaining unexpected muta- 
tions, turn into a weed of the scale of water hyacinth, leafy 
spurge, or bindweed. they would be irresponsible not to 
recommend that the plant simply not be released: potential 
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costs outweigh potential benefits. How are we to get the 
benefits of genetic engineering for potentially high-risk situa- 
tions? Immunology, needing antibody production but not 
wanting to introduce live viruses. developed attenuated vi- 
ruses. The plant equivalent might be a male-sterile or apomic- 
tic cultivar. Biological conmnment of the transgene is the 
simplest safety device. In addition, approaching a high-risk 
release might be prudent to add the “Achilles’ heel,” additional 
control mechanisms (preferably a good one and a backup 
method) for the released plant. Some very clever ideas have 
already been suggested such as: specific pests that could be 
released later, numtional requirements, and herbicide sensi- 
tivities. The exua control may well be worth the effort: 
research time may end up cheaper than the cost of generating 
adequate documentation on safety for regulators or winning in 
the courts against litigation to prevent release. 

Insum.ariskassessmentapproach will allow analysisof the 
potential for environmental problems, and a variety of culti- 
v a n  may either show no hazard or no exposure and so no risk. 
However, a variety of the most useful transgenes have the 
potential for considerable hazard. Finding cost-effective ways 
to reduce these hazards or eliminate the exposure part of the 
risk for these transgenes is the next challenge. 
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Paper 8 
Risk Assessment of the Escape of 
Recombinant Genes from Brassica 

Robin S. Manasse and Peter Kareiva 
Department of Zoology, University of Washington 

In the face of imminent field releases of transgenic plants. 
several environmentalists and scientists have expressed the 
general concern that organisms modified with recombinant 
DNA technology pose environmental risks that are distin- 
guishable from those posed by plants that have been modified 
with traditional breeding methods. Some of these risks have 
been associated with the escape of recombinant genes from 
transgenic plants, through pollen movement and subsequent 
hybridization and selection, into populations of unrnanaged 
and/or wild. related species (Ellstrand, 1988; Tiedje, et al. 
1989; National Research Council [NRCI, 1990). A trait asso- 
ciated with a transgenic gene (for example, stress tolerance) 
may be selectively advantageous in the wild (Colwell, et al. 
1985), and may be more responsive to selection than a geneti- 
cally correlated, quantitative trait (Ellstrand, 1988). Addtion- 
ally, and more specifically, concerns have been raised that the 
escape of uansgenic genes for certain traits, such as herbicide 
resistance, will be particularly deleterious because escape 
might result in the production of an over-competitive, herbi- 
cide-resistant weed (Colwell, 1985; NRC, 1990; Goldberg, et 
al. 1990). There have been notable objections to concerns that 
plants modified with recombinant DNA technology are inmn- 
sically different than those modified by mdtional breeding 
methods. After all. crop breeders have introduced genetically 
modified plants into the environment countless times without 
serious deleterious effects (Brill, 1985ab). But despite the 
controversy, there has to date been little research directly 
aimed at risk assessment. 

We have been asked to address several issues associated 
with the risk assessment of field releases of genetically engi- 
neered brassicas. When risk concerns the escape of genes. 
through pollen movement, into populations of wild relatives, 
it is necessary to identify whether pollen from the genetically 
modified crop can hybridize with wild relatives, and whether 
any of those wild relatives occur nearby (Keeler and Turner, 
1990; Ellstrand and Hoffman, 1990). Brussica has been iden- 
tified as a high risk crop for field releases because it freely 
hybridizes with commonly occumng weedy relatives (Keeler 
and Turner, 1990), and because it is grown in many parts of the 
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world as a seed crop. Furthermore, brassicas are undergoing 
genetic engineering for one of the most politically volatile 
traits-herbicide resistance. Thus, risk assessment for geneti- 
cally engineered Brasica is of utmost importance. 

Gene escape, or spread, incorporates the dual processes of 
gene flow, or the movement of genes over a distance, and 
selection on that gene. Our research concerning gene spread is 
twofold: first, we have utilized the theories of Weinberger 
(1 978) and Shigesada, et al. ( 1987) to identify parameters that 
can define gene spread over an array of plant spatial distribu- 
tions and selection regimes; and second. we have initiated field 
experiments that will allow us to test our models as useful tools 
in the preddon of gene spread (Manasse and Kareiva, 1990; 
Kareiva, et al., 1991). 

Very briefly, from Weinberger’s theory we know that gene 
spread can be summarized by the maximum velocity at which 
a gene increases in frequency over temporal and spatial scales. 
and that velocity can be explicitly related to rates of selection 
anddispersal. That is, the maximum rate of spread is a function 
of mean gene dispersal distance and the relative fitness of the 
gene in question compared to its corresponding allele in a wild 
population. Monte Carlo simulations have shown that within 
a homogenous environment. Weinberger’s equations give a 
very good prediction of gene spread (Manasse and Kareiva, 
1990). But in anatud ecosystem, the assumption of a homog- 
enous environment may not hold. 

Shigesada, et al. (1987) have analyzed equations in which 
dispersal rates and selection intensity are allowed to vary 
period~cally in space. In this formulation, the rate of spread is 
a function of the harmonic mean of dispersal rates, and the 
arithmetic mean of relative fitness. Monte Carlo simulations of 
these equations have shown that when the arithmetic mean 
fitness varies over only one order of magnitude (from 1 to lo), 
the rate of spread can be prdcted with only a function of the 
harmonic mean of dispersal rate (Karieva et al., 199 1). Cau- 
tion must be taken in the use of these equations. It is not only 
the case that relative fitnesses can vary over greater orders of 
magnitude (one need only to imagine the performance of a 
herbicide-resistant brassicaandanon-herbicide-resistant bras- 
sica in the presence of a herbicide). Additionally, the param- 
eters used in these functions must be evaluated with empirical 
data, particularly if any real assessment of risk is to be made. 

We are performing field experiments to examine the extent 
to which spatial variation influences mean gene dispersal 
distance. Wearenot field-testing genetically engineeredplants, 
but we are using a system that does examine the spread of genes 
from an agronomic species of Brassica campesrris into a wild, 
weedy B. cmpestris with the use of asuppressor for anthocya- 
nin (courtesy of P. Williams) that we have bred into the wild 
B. campesrris. The suppressor truncates expression of antho- 
cyanin into a Mendelian trait. We follow anthocyanin as it 
travels out from centrally placed agronomic B. campesrris 
(flowering purple pak choi. courtesy of Sakata Seed).  Thus, 
our system closely mimics that of a genetically engineered 
plant and a wild relative. 

As is the case with other studies that have examined the 
process of gene flow within one generation (Crane and Mather, 
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1943: Handel. 1982; Schaal. 1908), we have found that gene 
flow can be reliably modeled with an exponential probability 
distribution function. The mean of this distribution will vary 
withdifferent spatial arrays. Notably, we have found that mean 
gene dispersal distance increases as inter-patch distance in- 
creases (Kareiva et al., 1991). In practical terns, these results 
imply that absolute isolation distance is not very useful in 
predicting gene spread in brassica. since apollinator will travel 
over very long distances to a clump of attractive flowers. This 
result also implies that it will be far more useful to contain 
pollinators by planting large border areasof alternative sources 
of pollen. When pollinators leave a plant with genetically 
engineered pollen. it can be deposited on an incompatible 
species. 

The theory described here also requires knowledge of 
selection. Therefore, we would like to know the relative fitness 
of a genetically engineered plant in comparison to its wild 
relative under a large variety of ecological conditions. Our 
research does not specifically address this issue. We are 
conducting long-term field experiments in which wecombine 
selection and gene flow in order to test whether our model can 
accurately predict spread. 

We have outhned a “simple” scheme for predicting risk of 
escape of genetically engineered plants, requiring information 
of gene flow within a particular spatial array for a given plant, 
and the relative fitness of that plant compared to a pollen 
recipient. This information is not easy to obtain because 
predictions of risk will vary among planting designs and 
among plants with differing relative fitnesses. However, the 
risk of creating an ecologically deleterious plant needs to be 
minimized. The costs of doing nothing may in the long run be 
fargreaterthanthecurrent cost of parameter estimation for risk 
analysis. 
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Paper 9 
Genetically Engineered Crucifers in the Field 

Thomas MitcheU-Olds 
Division of Biological Sciences, University of Montana 

Brasszka Biology 
Brassica campestris has been natutalized as a common weed 
in large areas of North America Most B. campestris crops are 
self-incompatible, and pollen transfer often occurs over mod- 
elate to long distances. If transgenic B. campestris crops are 
grown in these areas. then gene escape into weed populations 
of B. campestris is virtually certain to occur. If i nduced  
genes increase fitness. then genes are expected to spread. There 
is smng potential for problems with transgenic weeds. 

The oleracea and cumpesrrzs genomes are closely related. 
and have produced the allotetraploid species B. napus, B. 
oleracea and B. napus have not been successful as introduced 
weeds in North America B. napus has been reported to be a 
weed problem in Britain, even in closed, semipermanent 
habitats such as railroad right-of-ways. Naturalized popula- 
tionsof B. oleracea have been reported in someareas of Britain 
and California These data indicate that B. oleracea and B. 
tzapus may have the potential to become escaped weeds in 
some environments. B. oleracea crops are usually self-incom- 

patible. while B. napus is self-compatible, but partially out- 
crossing. Gene transfer from self-compatible crops to conspe- 
cific weeds would be expected to occur at reduced (but non- 
zero) rates. Data on gene flow from B. napus into B. campestris 
indicate strong potential for gene flow from genetically engi- 
neered B. napus to weedy B. campestris. It is likely that large- 
scale production of transgenic Brassica crops will result in 
escape of engineered genes. 

Transgenic Crop Improvement 
Several types of genetically engineered crucifers are being 
developed, including insect and viral resistance, herbicide 
resistance, antisense male sterility, and alterations of bi+ 
chemical composition. Risk assessment must determine 
whether these changes will increase or decrease the fitness of 
escaped genes in weedy environments. Fitness consequences 
of introduced genes may be dependent on the external environ- 
ment or the genetic background. Genetic modifien may alter 
fitness consequences of engineered genes in some genetic 
backgrounds. Results from a few field trials should not be 
extrapolated to blanket conclusions regarding safety or risk. 

Insect and viral resistance is expected to increase plant 
fitness. Engineered resistance to multiple insect pests is ex- 
pected. Such changes have great potential for creating noxious 
transgenic weeds. Field production of insect- and pathogen- 
resistant transgenic crops requires great caution, especially if 
resistance genes have large effects on the level or spectrum of 
resistance. 

Herbicide resistance would increase fitness in agricultural 
fields. The fitness of herbicide resistant plants in herbicide-free 
environments is an important, unanswered question. Thesame 
safety issues are Uely to apply to herbicide-resistant cultivars 
obtained via conventional genetic means. Environmentalists 
suggest that herbicide-resistant crops will greatly increase 
herbicide usage. Alternatively, herbicide-resistant canola may 
permit agronomic methods that could reduce ievels of soil 
erosion. Should these effects be considered in regulatory 
decisions? 

Transgenic male sterility will be of great value in crop 
breeding,andisunlikely toescapethrough pollen. It is possible 
that uansgenic male sterile plants may increase allocation to 
seed production. This might increase yield, but its influence on 
weediness must alsobeconsidered. If male sterility genes have 
reduced fitness in weed populations, then release of uansgenic 
male stenlity should be safe. 

Several approaches to changing biochemical composition 
are k i n g  researched (e.g.,alteredcompsitionof glucosinoiates, 
oils, or seed storage proteins). The fitness consequences of 
such changes need to be assessed. if fitness is substantially 
reduced by these changes, then they would not be expected to 
spread in the wild 

Potential for Gene Escape 
In large-scale uansgenic plots (e.g., commercial crop produc- 
tion) there will be many opportunities for gene escape. Even 
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with safeguards, these risks will be non-zero. in the long run, 
genes will escape. If they increase fitness in weedy environ- 
ments, then they will spread. 

Escape is very likely in B. cmpestris. due to predominant 
outcrossing and weedy conspecifics. Genes in self- pollinating 
B. napus are likely to escape via pollen at a reduced rate, but 
volunteer seeds are likely to escape. Again, if engineered 
plants have increased fitness then they may escape and spread. 
Conclusions regarding safety of transgenic crucifers require 
data showing that engineered plants (or transgenic hybrid 
weeds) have reduced fitness in weedy populations. (Such 
studies may be done reahstically in artificial weed populations 
in temporary screenhouses.) 

Data to document safety of transgenic plants requires close 
collaboration between ecologists. population geneticists, and 
biotechnologists. While such studes are not cheap. the conse- 
quences of a noxious transgenic weed would be far more 
expensive. 

Unanswered Questions 
1) Why is B. nupus not a weed? How close is it to the 

“weediness threshold?’ The answer may vary in different 
regions. These questions can be addressed by analysis of 
natural selection on B. napus in weedy environments. 

2) How serious is herbivory or disease in weedy brassica 
populations? Could B. napus or B. oleracea become weeds 
if they were protected from most herbivores or pathogens? 
Would weedy B. campestris become more noxious if 
protected from pests? These questions can be examined by 
manipulative experiments, such as measurements of bras- 
sica weed persistence with insects present or excluded. 

3) Is there a physiological cost to herbicide resistance? What 
is the fitness of herbicide-resistant genes in weedy, unspxayed 
environments? This can be addressed by development of 
resistant and suscepuble near isogenic lines using RFLP 
maps. 

4) What is the fitness of cropweed hybrid plants growing in a 
weedy environment? Conventional wisdom suggests that 
these hybrids have reduced fitness. However, more detailed 
studies are needed 

Paper 10 
Environmental Consequences of Gene 
Transfer in Oilseed Crucifers and Ecological 
Safeguards 

David Pimentel 
Dept. of Entomology and Section of Ecology and Systematics. 
Cornell University 

Genetic engineering technology offers many opportunities for 
improving oilseed crucifers in the United States. The rapid 
transfer of new genetic tra~ts from other piant types into the 
oilseed crucifers will enhance oil production and quabty of the 

oil produced. Thus. the potential benefits of this new research 
technology is high. 

Although there are potential benefits associated with the 
genetic engineering technology, potential risks also exist. A 
brief assessment of the potential risks of deliberately releasing 
genetically engineered oilseed crucifers into the environment 
is made. Some ecological safeguards are also suggested to 
minimize the environmental risks associated with these re- 
leases. 

When genes are introduced into plants like the oilseed 
crucifers. there is always the possibility that these genes may 
be exchanged between closely related plants in nature. For 
example. important weed species have originated through the 
hybridization of two intrageneric species. such as the crosses 
of Raphanus raphistnun x R. sativus (radish. acrucifer) and 
Sorghum halepense (Johnson grass) x S. bicofor (sorghum 
corn) (Colwell et al., 1986). 

Several major weed species in agriculture are crucifers. 
Therefore. if new genetic material is introduced intocommer- 
cialcrucifers.thereis theclearpotential forthe geneticmaterial 
to be transferred to weed species in nature. If such a transfer 
occurred. it is impossible to predict what the risks would be to 
agriculture and the environment. 

We know from past experience that when we have inten- 
tionally introduced foreign plants into the United States as 
beneficial crops some of these crops have in themselves 
become weeds. Genetic similarities betwen many crops and 
weeds are evident from the fact that 1 1 of the 18 most serious 
weeds of the world are crops. in other regions of the globe 
(Colwell et al., 1985). In the United States. for example, of a 
total of 5800 introduced crops, 128 species of agricultural and 
ornamental plants have become pest weeds (Pimentel et al., 
1989). 

Accuracy in predicting the ecological effects of releasing 
genetically engineered organisms, like the oilseed crucifers, 
depends on the organism, the type of genetic information 
introduced, the particular environment into which it is re- 
leased, and the availability of detailed ecological information. 
Clearly, the more ecological information that is available, the 
better position we are in to predct potential problems. How- 
ever, there is no set of protocols that will allow us to predict 
with 100% accuracy the impact of released genetically altered 
organisms on agriculture and the environment. 
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Paper 11 
Talking Points 

Jane Rissler 
National Wildlife Fedemion 

Background 
i )  Oilseed crucifers (Brussicu n a p s )  are likely to be engi- 

neered soon to achieve some or all of the following 
characteristics: herbicide-tolerance, virus (and other patho- 
gen) resistance, insect resistance. and modified nutrient 
composition. 

ii) Oilseed crucifers have wild and weedy relatives in the 
United States with which they can hybridize. 

iii) No transgenic oilseed crucifers have begun environmental 

iv) The major environmental risk concern posed by small- 
scale and commercial uses of transgenic oilseed crucifers 
is the potential for flow to and expression of engineered 
genes in populations of wild and weedy relatives. 

v) Potential hazards if certain engineered genes are trans- 
ferred from transgenic oilseed crucifers to and expressed in 
wild and weedy relatives include the following: 
a) exacerbating agricultural weed-control problems with 

weedy crucifers expressing genes for herbicide-toler- 
ance, disease- and virus-resistance from transgenic 
crucifers: 

b) exacerbating erosion of genetic diversity by displacing 
native populations with those canying advantageous 
genes from transgenic insect-, disease-. virus-, and 
drought-resistant oilseed Crucifers'; and 

c) contributing to rapidevolution of pests resistant to pest- 
resistance genes. For example. expression of disease- 
resistance genes in populations of wild crucifers may 
increase selection pressure for pathosen evolution of 
resistance to the genes. 

testing under a U.S. Federal regulatory pro, oram. 

Controlling Risks of Small- and Large-Scale 
Tests and Commercial Uses of Transgenic 
Oilseed Crucifers 
Risk. in simplest terms. is the product of the probabilities of 
Occurrence of exposure and hazard. h s k  may be reduced by 
reducing exposures andor hazards significantly. 

Smallscale tests. Small-scale field tests of transgenic crop 
plants, thus far. have relied primarily on the capacity to reduce 
exposure to control risk. Experimenters have sisnificantly 
reduced the probability ol' exposure through such means as 
isolation. physical confinement. chemical controls, and cul- 
tural practices while they monitored agronomic traits and 
potential hazards, particularly those related to gene flow. 

Similar approaches will likely be used with the initial small- 
scale field tests of oilseed crucifers. It will be more difficult to 
achieveexposurecontrol with oilseedcrucifers than with some 
other plants because of the high likelihood of crucifer crop/ 
wild relative interactions. 

Large-scale tests and commercial uses. Wild and weedy 
relatives of domesticated B. rlapus are so common that gene 
transfer to relatives is a near certainty at commercial-scale 
use'. In other words. producers should generally assume that 
wild and weedy crucifers will grow in the same areas where 
oilseed crucifers can be successfully cultivated. Exposure 
controls. parucularly isolation of test plots and physical, 
chemical. and cultural methods. are not generally adaptable to 
large- and commercial-scale uses. 

Safety of large-scale and commercial uses of transgenic 
oilseed crucifers depends either on developing methods to 
prevent gene transfer or introducing only those transgenic 
crucifers for whch gene flow and expression in weedy and 
wild relatives is acceptable. 

For transgenic crucifers used only for their vegetative parts, 
gene transfer could be prevented by introducing biological 
controls. for example, that prevent flowering or seed set. In 
transgenic crucifers valued for their seeds. these biological 
controls are meaningless. 

Unless researchers are able to prevent gene transfer to wild 
and weedy relatives by other methods. certain transgenic 
oilseed crucifers should not be tested at large-scale or devel- 
oped for commercialization.. These are transgenic oilseed 
crucifers to whch genes have been added for traits that would 
provide adaptive advantage to wild and weedy relatives. These 
include genes for insect-, disease-, virus-, herbicide-, and 
droug ht-resistance. 

I 1  

Questions Regarding Regulatory Policies 
Governing Commercialization of Transgenic Crops 
i) Should development of the following categories of 

transgenic oilseed crucifers be prohibited: insect-, dis- 
ease-, virus-, hehicide-. and drought-resistance? 
Assuming that the Federal Plant Pest Act will be used to 
regulate transgenic oilseed crucifers, what will be the 
Animal and Plant Health Inspection Service (APHIS) 
regulatory process leading to commercial-scale uses? 

iii) Once the UnitedStates Department of Agriculture(USDA) 
has concluded that large-scale or commercial uses of 
oilseed crucifers pose no plant pest threats, will APHIS 
have the legal authority to impose any requirements upon 
the use of the uansgenic crops, e.g., isolation or monitoring 
requirements? 

iv) What will be required to assess the long-term, cumulative 
effects of hundreds of large-scale and commercial applica- 
tions of transgenic oilseed crucifers? Can those data be 
senerated in smail-scale tests? 

'Ln conuast to many conventionally bred traits that do not provide wild 
plants an adaptive advantage in the environment (e.g.. dwarfness). traits 
that are the focus of genetic engineering are likely to provide an advantage 
(e.g.. disease- and insect-resistance). 

?Foruans_eenic crops lacking wild relatives with which they can hybridize 
in the United Sntes (e.g.. corn. tobacco). the probability of exposure 
leading to gene flow to wild relatives is zero. 
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v) Can monitoring protocols be developed to measure rates 
and impacts of hybridization between the crops and their 
wild and weedy relatives? 

vi) Given that some of these crops will be used for human 
consumption and some may be pesticidal. what are the 
roles of the Food and Drug Administration and the Envi- 
ronmental Protection Agency in the regulatory oversight 
of these crops? 
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Paper 12 
Biosafety Considerations for Transgenic 
bpeseed 
Matti SOverO, Donna Mitten, and Keith Redenbaugh 
Calgene, Inc., California 

Introduction 
The objective of this article is to address weediness and crop 
safety questions about field trials, product development, and 
commercialization of genetically engineered rapeseed (Bras- 
sicu rtapuci L.). The approach of this document is to discuss 
issues and concerns specifically about confined field trials of 
transgenic rapeseed. Many of these issues will impact product 

development and commercialization. However. at this time. 
the primary focus is on confined field trials and the assessment 
of utility and safety of selected msgenes. 

It is the intent of the biotechnology industry to develop 
useful crops using genetic engineering that have benefit to 
fanners. processors. the food industry, consumers. and society 
in _general. The crops may be engineered to contain transgenes 
that reduce saturates in edible oils of rapeseed thereby benefit- 
ing consumers directly by supplying healthier oils. Another 
improvement directly benefiting consumes is improved taste 
offruits andvegetables(suchas with tomatoes).Thetransgenes 
may modify chemical components of oilseed crops like rape- 
seed thereby providing speciahty products for industrial uses 
such as lubricants and detergents. Or the genes may alter 
structural components of the plant (such as lignin in trees) 
simplifying its processing thereby benefiting manufacturers as 
well as society by the use of lower amounts of processing 
chemicals or less dangerous ones. Other genes may safen the 
crop (such as cotton) to a particular herbicide that degrades 
rapidly in the soil thereby benefiting farmers and society 
(again) by the use of less toxic and persistent herbicides. 

Genetically engineered rapeseed has been evaluated in the 
laboratory and greenhouse, and in field tests in Canada. The 
next step is conducting limited field trials in the United States 
underspecific guidelines that minimize theriskofescapeof the 
transgenes whether by outcrossing (to weedy relatives or 
adjacent rapeseed) or escape of the transgenic rapeseed. Dur- 
ing this step, the safety of any particular transgene will be 
thoroughly assessed in terms of its effect on humans. animals. 
and the environment. Commercialization will occur only if the 
transgene provides a benefit with acceptable risk. The objec- 
tive of the biotechnology industry is clearly to commercialize 
transgenic crops that have proven benefit and safety. 

Discussion of Critical Issues for Confined Field 
Trials of Genetically Engineered Rapeseed 
Potential for Gene Escape: 
1. Pollen transfer out of test plots. 
Ourcrossing. Rapeseed (B. rupus) is a partially cross- breeding 
crop with typical outcrossing of 35%. The outcrossing ratio 
depends on the availability of insect pollinators (honey and 
bumble bees. pmcularly). weather and the genotype of the 
crop. Ratios of 5-9596 have been observed (Olsson. 1960). 
Wind is not an effective rapeseed pollinator (Mesquida et al., 
1979) and has impact in pollination mainly for enhancing self 
pollination and cross pollinahon via direct physical contact 
between adjacent plants. 

Rapeseed readily crosses with other types of B. napus, 
including fodder rape and rutabaga It can be artificially 
crossed with most other Brassicu species (for reference see 
Davey, [1959]), especially with the aid of embryo rescue 
techniques. Spontaneous crossing is, however, extremely un- 
likely due to differences in blooming time, inhibition of pollen 
tube growth in inter-specific pollinauons (Robbelen, 1960), 
and disturbed endosperm development (Eenink. 1975). 
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B. nupus is. however, relatively easy to cross with B. rupu 
(syn. B. campesrris;Thompson, 1983)andspontaneouscrosses 
have been observed where the two species have been grown 
adjacent to each other. The hybrids are fertile and can bridge 
the transfer of the A genome genes to either direction. B. rupa 
includes cultivated types such as turnip rape, turnips and 
Chinese cabbage. Wild or naturahzed B. rupu is known as bird 
rape, wild turnip or field mustard. Ths weed can occasionally 
be found in most parts of the United States and can be a 
problem in parts of the Southeast. 

Rapeseed becoming u weed. This is currently a commercial 
issue because rapeseed does have weedy characteristics. In 
areas with rapeseed growing history (such as Canada), volun- 
teer rape is a weed in rape fields especially where new rapeseed 
types are being introduced since there are no herbicides to cull 
weedy rape from crop rape. Current agricultural practices to 
control rapeseed weediness are 1)croprotation using selective 
herbicides, 2) use of herbicide resistance in rapeseed devel- 
oped using classical breedmg (e.g. Auazine-resistant rape), 
and 3) isolation of production fields of different rapeseed types 
(e.g. low vs high erucic acid rapeseed varieties). New varieties 
developed using genetic engineering will be grown using 
standard agricultural practices. 

For confined release field trials. escape of the transgenes to 
weedy species and volunteer rapeseed can be prevented using 
agricultural practices used for production of foundation seed. 
plus adequate monitoring. A smtegy is to have a sufficient 
isolation barrier free from rape (such as inside a field of winter 
wheat. soybeans or other appropriate crop) and then maintain 
the vial site only free of brassica for four years to insure that all 
volunteers are destroyed. A controlled field release would 
consist of the trial. and isolation banier of no rapeseed which 
would be maintained free of wild turnip or naturalized rape. 

2. Survival of material outside test plots. 
The transgenes could be transferred outside the test plots by 
outcrossing with wild turnip and naturalized rape. if there is not 
asufficient isolation distance. Such material wouldcontinue to 
disperse or to increase if there is selection for the gene. If 
selection is against the gene. then the gene will disappear 
quickly. If there is no selection. then one of two outcomes are 
possible: with only one or a few instances of outcrossing, the 
transgene probably will not spread; with large numbers of 
outcrossing, then the uansgene may be locally established. For 
interspecific crosses (with wild turnip), the transgene will 
probably disappear if it is neutral or due to lower fitness of the 
interspecific hybrid and its aneuploid progeny. 

3. Incorporation into gene banks. 
There is a very low probability that escaped genetic material 
would be incorporated into gene banks and germplasm stocks. 
Gene bank and germplasm grow-outs are done in isolation to 
ensure the purity of the stock. This is done to prevent contami- 
nation with any source of contaminating germplasm. whether 
it is weedy relatives, commercial cultivars, or genetically 
engineered material. Just as growers do not plant in areas of 
gene bank or germplasm stock grow-outs. genetically engi- 
neered material would also not be grown in these areas. 

4. Potential release due to natural disasters. 
There is always a very small probability that a natural disaster 
such as a tornado. hurricane or flood could increase the 
potential for gene escape. This is probably possible only in the 
case when the seed is mature and is scattered over a given area 
by the natural disaster. For such an event, the surrounding 
isolation area would be monitored for volunteers to identify the 
severity of seed movement. Pollen would not survive the 
disaster or if it did. any receptive flowers would be destroyed. 

Environmental Consequences of Gene Escape: 

1. Types of genes inserted. 
A number of transgenes are of interest for rapeseed variety 
improvement. For the purpose of this paper, our focus is on 
genes responsible for oil quahty, for both food and industrial 
oils. 

2. Environmental issues for each gene class. 
Genes modifying oils for industrial and nutritional qualities 
and genes for antibiotic resistance are not expected to increase 
the fitness of the transgenic plants. thereby enhancing their 
competitive ability. In all likelihood. the genes will have either 
a neutral or slightly negative effect on fitness of any released 
plant and therefore not be maintained in the population. Other 
genes that have a neutral or negative effect on plant vigor and 
hardiness will also not persist. 

Another class of genes is that which increases plant fitness. 
This can be separated into two subclasses: genes that are 
maintained through artificial selection such as herbicide resis- 
tance and genes maintained through natural selection such as 
disease resistance. For both subclasses, the principal problem 
will not be with weedy relatives, but with wild rape growing 
in rape fields. If the wild rape contains herbicide or disease 
resistance genes (regardless of the source, genetically engi- 
neered or via classical breeding), there will be selective 
pressure for these genotypes to survive and propagate. 

Herbicide resistance in weedy rape will be a problem only 
where rape is grown, but is manageable. Crop rotation and 
good agricultural crop practices should eliminate any such 
wild rape. 

Insect and disease resistance genes could have an impact 
such as increasing the fitness of wild turnip. This is the only 
weed that has a hkely potential for crossing with genetically 
engineered rape in the United States. As with herbicide resis- 
tance, good agricultural practices should result in elimination 
of insect and disease resistant volunteer rape in rape produc- 
tion fields. For example. volunteer rape and wild turnip are 
easy to control in cereals. They are a problem in rapeseed and 
possibly in sugarbeet. but can be controlled using appropriate 
crop rotation. There will also be a need to have weed control 
of volunteer rape and wild turnip regardless of presence of 
uansgenes. 

The question remains, “Will transfer of insect and disease 
resistance genes enhance wedness of rape and wild turnip 
outside rape production fields?’ The answer is probably not. 
Genetically engineered plants will contain only a few, highly 
specific genes for insect and disease resistance. Although of 
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selective advantage, such engineered genes are directly analo- 
gous to insect and disease resistance genes bred into numerous 
crops using classical breeding techniques. Classical breeding 
methods have produced cultivars that contain genes that 
increase survival and plant hardiness. but such resultant culti- 
van, though they have undoubtedly crossed with weedy 
relatives or had weediness potential themselves, have not 
resulted in increased weediness problems. 

3. Environmental effects from genetic engineering. 
Gene pools-there should be no environmental effect as long 
as the gene pools are kept separate. As with any rapeseed 
gemplasm stock. isolation is essential for maintaining purity. 

No environmental effects are expected from mdfication 
of agronomic traits. 

Weediness was discussed above. If genetically engineered 
rapeseed becomes established as a weed in subsequent rape- 
seed fields, then any industrial oil or nutritional quality modi- 
fications in the weedy rapeseed could contaminate the field 
plantings, altering overall quality of the rapeseed crop. This is 
currently the situation for classically bred rapeseed varieties 
such as low and h g h  erucic acid rapeseed. These varieties are 
grown and managed separately using good agricultural prac- 
tices. Contamination may also result from uncontrolled seed 
production in sub-standard conditions. It is, however, to be 
noted that these problems are not different from those associ- 
ated with the production of different types of conventionally 
bred rapeseed varieties. 

For crop production, there will be a need to keep specific 
rapeseed cultivars apart, such as those that have been engi- 
n e e d  (or bred classically) for industrial oil applications or for 
enhancing nuuitional value. Modifications for both these 
purposes are not expected to have any detrimental environ- 
mental effects, in terms of altering the weediness characteris- 
tics of the crop. 

This latter concept of decreasing the weediness potential of 
rapeseed has merit from a historical point-of-view. Crops that 
have a long history of domesticity (i.e. have undergone exten- 
sive selection or “ b d n g ”  over hundreds and thousands of 
years) have few weedy characteristics and are not weed 
problems. Exampies are bean, corn and wheat. Conversely, 
crops that have only a recent history of selection and breeding, 
such as artichokes. forage grasses and grain amaranths, are 
considered weeds in certain environments. Highly domesti- 
cated crop plants have lost their ability to compete effectively 
in natural environments, as intensive breeding has deliberately 
eliminated undesirable, weedy traits. It can be expected that as 
rapeseed undergoes extensive breeding. it will also become 
less weedy. 

4. Ranking of potential environmental effects. 
Weediness is the major problem since B. napus has weedy 
characteristics, although no Brassica species are listed as 
among the world’s worst weeds. As discussed above, oil and! 
or meal quality may also be an issue. 

Physical Safeguards: 

1. Minimal isolation distance. 
The AOSCA Certification Handbook (Anonymous, 197 1) 
recommends that cross pollinated rape have an isolation 
distanceof 1320feet (1/4mile)fromanycontaminatingsource 
of pollen. For B. napus 200 meter distance should give 
adequate isolation. 

2. Type of border rows. 
A border of non-transgenic rape is not necessary for contain- 
ment. A border of a cereal crop (such as wheat), soybeans, 
another appropriate crop, or fallow ground is needed sumund- 
ing the transgenic rapeseed field trial in which rape and wild 
turnip can be controlled as needed. 
3. Physical barriers. 
An alternative to the isolation border would be a cage to 
contain the pollen and prevent pollen movement. This is not 
practical for any but very small field uials and is not necessary 
with adequate isolation distances. 

4. Termination protocols. 
Rape seed is not killed by freezing and can survive in the field 
for several years. 

Several alternatives would provide sufficient avoidance of 
contamination. One of the following would be necessary: 
1. Disk under, summer fallow, plant winter wheat or other 

appropnate crop. and monitor next four years for volun- 
teers. Spray with an appropriate herbicide. Do not plant 
actual transgenic field plot in rape for four years. 

2. No-till or till, spring planting in soybeans, and monitor next 
four years for volunteers. Spray with Septor (membuzin) 
or other appropriate herbicide labeled for soybean for 
control of rape. Do not plant actual transgenic field plot 
(including a 100-foot safety margin) in rape for four years. 

3. No-till or till, spring planting in a crop that is not sexually 
compatible with rapeseed, and monitor next four years for 
volunteers. Spray with appropriate herbicide labeled for 
control of rape. Do not plant actual transgenic field plot 
(includlng a l00-foot safety margin) in rape for four years. 

4. Methyl bromide field trial to destroy all plant material and 
seeds. 

Temporal Safeguards: 
Two approaches are identified to prevent flowering and pollen 
shed. However, neither would allow the evaluation of oil and 
meal quality and therefore have little utility. 

1. Agronomic pracuces to prevent pollen transfer. 
Any method that would prevent flowering while allowing for 
completion of the field trial could beused. This wouldalleviate 
the need for the isolation border. 

2. Flowering modifications. 
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Two safeguards are 1) to destroy the crop before pollen is 
released or 2) to plant obligate winter rape in the spring to 
minimize or delay flowering (monitoring for flowering will be 
needed). Both would alleviate the need forthe isolation border. 
However, these are not practical for any but small field trials 
and not necessary with adequate isolation distances. 

Biological Safeguards: 
As with temporal safeguards, the use of biological systems to 
prevent seed formation or to produce non-viable seed defeats 
the purpose of field evaluation of modified oils or nutritional 
composition. As already discussed, adequate isolation is suf- 
ficient forcontaining genetically engineered rapeseed without 
additional temporal or biological safeguards. 

1. Self-compatible and male-sterile varieties. 
Only complete male steriles will be useful. If 100% male 
sterility can be demonstrated, then an isolation border is not 
needed to prevent the escape of transgenes. Conversely. male 
sterility is not necessary with adequate isolation, as already 
discussed. 

2. Induced sterility. 
None available at present that provides complete sterility. If 
possible, then an isolation border is not needed. 

3. Genetic factors to produce non-viable seed. 
None available at present, but production of pollen that re- 
sulted in seeds with 100% non-viable embryos would be 
useful. 

Conclusions 
Proper management and seed practices apply to both classi- 
cally bred and genetically engineered B. m p u .  At the present. 
for confined release into the environment, control standards 
for transgenic rapeseed must be at least as strict as those 
required for seed banks and germplasm stock and stricter in 
some areas to prevent outcrossing with wild turnip. Areas of 
greatest concern are the following: 

Isolation from other types of rapeseed 
Isolation from turnip, where a weediness problem exists 
Rotation requirements 

An isolation distance of 200 meters around transgenic 
rapeseed fieId trials is necessary and can be maintained, for 
example, by sowing wheat, soybeans or other appropriate 
crops around the trial and then controlling rapeseed volunteers 
and wild turnip with appropriate herbicides or other weed 
control measures. After harvest, the field trial must be man-  
tained free of rapeseed for four years, unless other measures 
have been taken to destroy remaining seed such as using 
methyl bromide fumigation. 

If there is escape of genetically engineered plants or pollen, 
transgene proliferation will not happen in the absence of 
selection pressure for the gene. If positive selection pressure 
exists, large scale escape will still only be possible if proper 
rotation. crop management or seed production practices are 
not observed. 

For general release into the environment (ie. commercial- 
ization), the transgenes cannot be contained 100%. However, 
cross-pollination is not capable of causing significant contami- 
nation unless accompanied by improper seed production pxac- 
tices, and even then probably only if there is strong selection 
pressure associated with the contaminating gene. The greatest 
risks to the quality of the crop are contamination from volun- 
'teer rapeseed or weeds and admixture or mislabeling of the 
seed. In this respect, the problems are similar with those 
associated with production of different types of rapeseed and 
also with weeds such as wild mustard in the production field. 

When the food and feed safety of a particular genetically 
engineered rapeseed is determined by the FDA, then escape of 
the transgenes from a food safety point-of-view will no longer 
be an issue. 
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Paper 13 
Dr. James T. Watkins 
Sakata Seed America, Inc. 

The development of guidelines for the safe introduction of 
transgenic oilseed crucifers is an interesting topic for consid- 
eration. The main oilseed crucifers, Brassicu q u s  and Bras- 
sicu campesrris, have several biological characteristics that 
may open these crops up to greater debate and criticism than 
the introduction of some other transgenic crops. The oilseed 
crucifers are insect- and wind-polllinated crops that have wild 
relatives that persist in the same areas that the crops are grown. 
Additionally, these oilseed crops are somewhat weedy in that 
seed may shatter as the siliques dry or are harvested. Birds may 
shatter seed as they feed or carry seed from fields or plots. The 
persistence of seed viability in the soil for periods up to or 
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longer than one year also contributes to the weediness of the 
oilseed crucifers. 

There are some safeguards such as isolation distances, 
barriers and changes in cultural practices that could be em- 
ployed to minimize gene transfer from field-test plots. A four- 
kilometer isolation would be necessary from other crucifer 
crops of the same species and from wild or weedy relatives. 
This distance could be reduced if natural barriers such as 
mountains. hills orriversexist. for small-scaleuials,ascreened 
cage could be used to provide a barrier to insects vectoring 
transgenic oilseedcruciferpollen. The screen size should have 
no larger openings than squares of 1.5 millimeters. A 200- 
meter isolation distance should be provided for screened cages 
to minimize wind-transferred pollen. Harvest techniques to 
reduceorcontrol seedshatterandthe possibleuseof seedglues 
can reduce the amount of uansgenic seed that is not recovered 
during harvest. Bird barriers over field plots and windrows 
used in conjunction with bird cannons could reduce the 
amount of seed that is destroyed or moved by feeding birds. 
Crop rotation with anoncompatiblecrop (e.g.,com. wheat) or 
fallowing of the ground the following season will take care of 
volunteer transgenic weeds from shattered seed. 

These and other safeguards will only reduce the potential 
and frequency for gene escape, they will not eliminate any 
possibility that gene escape could occur. Even the use of a 
male-sterility system would not completely remove the possi- 
bility of gene escape. What must be determined is if transgenic 
oilseed crucifers are to be introduced or tested in field plot 
situations, what are the environmental and economic risks. 

Introduction of genetically modified plants either by classi- 
. cal breeding methods or by genetic transformation or the 

introduction of a new species into an environment all carry a 
certain economic and environmental risk It is necessary in the 
introduction of any new or altered organism to weigh the 
benefits and risks of its introduction. In the case of oilseed 
crucifers transgenic improvements for increased oil content or 
better oil nutritional values seem to be least concerning. The 
introduction of plants with herbicide, insect or disease resis- 
tances may have the greater potential of some economic or 
environmental impact. To what level or what risk this impact 
may have on the environment and economy must be assessed 
on a case-bycase basis. 

it seems that a prudent and methodical procedure for the 
introduction of transgenic oilseed crucifers should be fol- 
lowed. This procedure may include the submission of a 
statement of possible economic and environmental impact to 
a review board. This review board could then assess the risks 
of introduction and approve or disapprove the introduction of 
the transgenic oilseed crucifer. Guidelines for review should 
be determined and developed in public forums utilizing a wide 
array of talents from the public and private sectors. 

Paper 14 
Responses to Questions Prepared for 
Workshop 

Paul H. WiUiams 
Department of Plant Pathology, University of Wisconsin 

Potential for Gene Escape 
(MRN=more research is needed): 
1.  Potential for gene escape is high (MRN)-escape is virtu- 

ally inevitable. 
2. Survival of gene will occur where selection pressures for 

survival is high-e-g., disease or pest resistance (MRN). 
3. Probability for transgenic material entering gennplasm 

resources depends on the selection pressures for survival- 
pathogens and pests provide selection pressures in both 
agricultuxal and non-agricultural ecosystems (MRN). 

4. The possibility of “weather events” influencing gene es- 
cape does exist and depends on the species involved and the 
nature of the weather-related event. 

Environmental Consequences of Gene Escape: 
1. Yes, yes. 
2. Selection pressures on pathogen populations for change in 

the pathogen populations are highly variable-relative 
fitness changes with genes (MRN). Linked or associated 
vulnerability is unknown for most or all newly created 
genotypes. Some of these linked or associated uaits may 
benefit or be detrimental to weedy/wild brassicas (MRN). 

3. Effects of introductions of new genes on the environment 
should be considered on a case-bycase basis taking into 
consideration the riskhenefit outcome prior to engagmg in 
the research (MRN). 

4. The order of concern of potentid environmental effects 
would have to be determined on acase-bycase basis taking 
into account the nature of the particular phenotype that an 
engineered genotype was capable of expressing. Research 
is needed to know what the possible range of expressions of 
the phenotype would be if introduced into wild or domes- 
ticated forms of different species. Circumstances determin- 
ing potential environmental effects of, e.g., a gene for 
herbicide resistance, would need to be assessed based on 
many criteria including the survival potential of the genes 
themselves in the absence of any selection pressures (MRN). 

Safeguards 

Physical Safeguards: 
1. Isolation distances to be used in experiments determining 

appropriate isolation need careful research using genetic 
markers to test models for isolation. Since escapeof experi- 
mental materials placed in the field is virtually inevitable, 
careful risk assessment should be done prior to release- 
then appropriate safeguards taken to lower those risks. “Bee 
distance” is generally accepted as approximately three 
miles. This should be more than reasonable (MRN). 

31 



2. Additional research on this subject would provide good 
insight. Border of non-transgenic plants would likely p r e  
vide a better trap of stray pollen from transgenic plants than 
fallow ground, since brassica flowers are hghly attractive 
to bees and other insects that could fly over the fallow to 
reach the pollen and nectar sources (MRN). 

3. Cages of many designs could be used to deter gene transfer 
( M W .  

4. Destruction of the crop by chemical scorching of the tissues 
and turning underthesoil wouldseem mostsuitable(MRN). 

5. Physical and chemical prevention of flowering for those 
crops being evaluated for their vegetative parts would 
prevent gene transfer (MRN). 

Temporal safeguards: 
1. Depending on the flowering characteristics of the part~cular 

brassica crop, planting date (imgation in desert areas, etc.) 
could be used to alter flowering dates in relation to other 
possible crops or wild Brassica species that would serve as 
recipients of the brassica pollen (MRN). 

2. Experimental plants requiring vernalization to induce 
flowenng could be vernalized either physically (cold treat- 
ment prior to planting in the field) or chemically (e.g., using 
gibberellin. etc.), thus placing them out of flowering 
synchrony with surrounding plants (MRN). 

Biological Safeguards: 
1. Breeders can develop a number of traits through selection 

andor genetic engineering that could reduce the potential 
for gene flow from transgenic plants. Examples of such 
traits would be male sterility, self compatibility, cleiste 
gamy, reduced nectar function, apetally, apomixis, parthe- 
nocarpy, etc. (MRN). 

2. Yes. 
3. Yes. There are various gametic and embryonic 1ethals.that 

would safen transgenic plants. These could be identified 
and incorporated into released plants. 
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